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Stated Meeting, January 5th, 1877. 
Present 15 Members. 
Vice-President, Mr. Fratgy, in the Chair. 


Letters of acknowledgment were received from the Acad- 
emy at Lisbon, Aug. 24 (XV 2; 94, 95), and the Meteoro- 
logical Office, London, December 1, 1876 (97). 

Letters of envoy were received from the Italian Society of 
Sciences at (Modena) Rome, and the Society at Liverpool, 
November 25th, 1876. 

Donations for the Library were received from the R. 8. 
New 8. Wales; the Academies at St. Petersburg, Berlin and 
Philadelphia; the Societies at Konigsburg and Boston; the 
Institute of Lombardy ; Soc. Ital. d. Sci. at Rome ; R. Geol. 
Committee at Rome; 8. Capellini; Nouv. Mét. and Rev. 
Pol. Paris; Astron. and Antiq. SS and London Nature; 
Franklin Institute; Coll. of Pharmacy ; Smith. Institution, 
Dr. Hayden, and the Brazilian Government. 

No. 96 of the Proceedings just published was laid on the 
table for examination. 

The death of Dr. Jos. Carson, at Philadelphia, Dec. 30, 
1876, in the 69th year of his age, was announced by Mr. 
Fraley ; and on motion Dr. John B. Biddle was appointed 
to prepare an obituary notice of the deceased. 

Mr. Chase made a communication “On the influence of 
central forces in determining chemical volumes.” 

Mr. Britton exhibited specimens of artificial fuel manu- 
factured from the peat bogs near Syracuse, in New York, 
and remarked upon its resemblance to the lignite of 8. W. 
Arkansas, promising a further description. 

Mr. Briggs communicated a paper “On Refraction Ta- 
bles,” by Prof. A. K. Mansfield, of Cordova, 8S. A. 

Dr. LeConte communicated notes and a table to point out 
the most important features of the memoir published in No. 
96 of the Proceedings. 
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Mr. Lesley read characteristic portions of a paper by Mr. 
Leo Lesquereaux of Columbus, introductory to “ The Flora of 
the Carboniferous of North America,” which he is preparing 
as one of the Reports of Progress of the Second Geological 
Survey of Pennsylvania. 

The report of the judges and clerks of the annual election 
was read, announcing the following list of officers for the 
ensuing year: 

President. 


George B. Wood. 


Vice- Presidents. 
Frederick Fraley, Eli K. Price, E. Otis Kendall. 


Secretaries. 
John L. LeConte Pliny E. Chase, George F. Barker, 


J. Peter Lesley. 


, 


Curators. 


Hector Tyndale, Charles M. Cresson, Daniel G. Brinton. 


Treasurer. 


J. Sergeant Price. 


Councillors. 
Isaac Hays, Robert E. Rogers, Henry C. Carey, 
Robert Bridges. 


Mr. Lesley was nominated Librarian. 


Pending nominations 809 to 829 were read. 

On motion the Librarian was authorized to transmit to 
the Deputy Secretary of the Commonwealth at Harrisburg, 
for publication in the new volume of Archives, the MSS. 
Journal of Col. Burd at Fort Augusta, in 1763, taking the 
needful guarantees for the safety and return of the MSS. to 
the Library of the Society. 

And the meeting was adjourned. 





Stated Meeting, January 19th, 1877. 


Present, 19 members. 


Vice-President, Mr. Prick, in the Chair. 


A letter of envoy was received from the Imp. Botanical 
Gardens of St. Petersburg, Aug. 15, 1876. 

Donations for the Library were received from the Mining 
Bureau at Melbourne; R. Acad. at Turin; 8.Vin. Fiorentino 
of Naples; the Ulm Art Union; R. Acad. at Brussels; Rev. 
Pol. and Nature; Cobden Club; Canadian J. of Science, To- 
ronto; Essex Institute; S. N. H. Boston; 8. C. E. Boston; 
Hon. W. W. Crapo, of New Bedford; Sill. Journal ; Amer. 
Chemist ; Med. News; A. J. Med. Sciences; Penn Monthly ; 
Franklin Institute; Geol. Survey of Pa; E. D. Cope; Ord- 
nance Department U. 8. A., and Corps of Engineers. 

No. 98 of the Proceedings just published was laid on the 
table for the inspection of the members. 

The Secretary presented a communication entitled: On 
the first systematic collection and discussion of the Venango 
Co. oil wells of Western Pennsylvania, by E. 8S. Nettleton, 
C. E., prepared for publication and communicated by J. F. 
Carll, Asst. Geol. Sur. Pa. in charge of the Survey of the 
Oil Regions. 

Gen. Kane read a description of his recent explorations 
in Coahuila, Mexico, exhibiting photographs of Mexican 
soldiers, and describing the movement of the Indian popula- 
tion southward still going on. 

Dr. Kénig described his success in establishing a scale of 
colorimetry for minerals containing titanic acid, &c. and ex- 
plained his processes. 

Mr. Blodget brought to the notice of the Society the text 
of a proposed Act of Congress ordering a new Arctic expe- 
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dition, the discussion of which was postponed to the next 
meeting: viz— 

And be it further enacted, That the President of the United States be 
authorized to organize and send out one 01 more expeditions toward the 
North Pole, and to establish a temporary colony, for purposes of explora- 
tion, at some point north of the eighty-first degree of north latitude on or 
near the shore of Lady Franklin Bay ; to detail such officers or other per- 
sons of the public service to take part in the same as may be necessary, 
and to use any public vessel that may be suitable for the purpose ; the 
scientific operations of the expedition to be prosecuted in accordance with 
the advice of the National Academy of Science, and that the sum of fifty 
thousand dollars, or such part thereof as may be necessary, be hereby ap- 
propriated out of any moneys in the Treasury not otherwise appropriated, 
to be expended under the direction of the President. Provided, That no 
part of the sum so appropriated shall be carried to the surplus fund or 
covered into the Treasury until the purpose of the appropriation shall have 
been completed, but may be applied to expenses of said expedition incurred 
during any subsequent year that said expedition may be engaged in its 
duties. 


On motion, Mr. Lesley was elected Librarian for the en- 
suing year. 


The following nominations were made and on motion 


adopted : 
Standing Committees for 1877 : 


Finance. 
Mr. Frederick Fraley, 
Mr. E. K. Price, 
Mr. Benjamin V. Marsh. 


Publication. 
Dr. John L. LeConte, 
Dr. Daniel M. Brinton, 
Mr. W. M. Tilghman, 
Dr. Harrison Allen, 
Dr. C. M. Cresson. 


Hall. 


Gen. Hector Tyndale, 
Mr. Edward Hopper, 
Mr. 8S. W. Roberts. 
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Library. 


Mr. Eli K. Price, 

Rev. Charles T. Krauth, 
Dr. George H. Horn, 
Dr. Kinderdine, 

Prof. Houston. 


The reading of the list of surviving members was post- 
poned. 

The election of new members was postponed to the next 
meeting. 

And the meeting was adjourned. 


Stated Meeting, February 2nd, 1877. 
Present, 24 members. 
Vice-President, Mr. E. K. Pricr, in the Chair. 


The photograph of Mr. Daniel B. Smith was received for 
insertion in the album. 

A letter accepting his appointment to prepare an obituary 
notice of the late Dr. Jos. Carson, was received from Dr. 
John B. Biddle, dated Jan. 24, 1877. 

Letters of acknowledgment were received from the Royal 
Society at Upsal (93, 94, 95; XV ii). Royal Bavarian 
Academy, November 19, 1876 (XII i, ii, iii; 93, 94, 95). 
Prof. L. Riitimeyer, Basil, November 6, 1876 (95); Literary 
and Philosophical Society, Liverpool, January 5, 77 (97), 
and the University Library at Strasburg (92—95). 

Letters of envoy were received from the Royal Society, 
New South Wales, Sydney, July 12,1876; Royal Statistical 
Society, Upsal; Royal Academy, Stockholm; Royal Bava- 
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rian Academy, Munich ; Literary and Philosophical Society, 
Manchester; and Mr. Linn, Deputy Secretary of the Com- 
monwealth, Harrisburg, returning to the safe keeping 
of the Library the borrowed MSS. Journal of Colonel Burd. 

Donations for the Library were received from the Royal 
Society, New South Wales; Royal Statistical Society, Up- 
sal; Observatory and Bureau of Statistics, at Stockholm; 
Royal Society of Antiq., Copenhagen; R. Pruss. A. Ber- 
lin; Ger. Geological Society, Berlin; Anthropological So- 
ciety and Geological Institute, Vienna; Royal Bavarian 
Academy, Munich; Societies at Ulm and Giessen; Royal 
Belgian Academy, Brussels: Revue Politique; Astronomi- 
cal Society, Victoria Institute, and Editors of Nature, Lon- 
don; Literary and Philosophical Society, Manchester; Phi- 
losophical and Literary Society, Leeds ; Royal Cornwall Pol. 
Society, Falmouth ; Massachusetts Historical Society ; D. 8. 
A. Green, Groton, Mass.; Silliman’s Journal; Franklin In- 
stitute; Zoological Society; Pharmaceutical Association, 
Philadelphia; Mr. C. A. Ashburner; Librarian of Congress ; 
U.S. Department of State; and the Wisconsin State His- 
torical Society. 

The death of Prof. Richard Somers Smith, at the U.S. 
Academy at Annapolis, Tuesday, January 26, 1877, aged 
68, was announced by the Secretary. 

The death of Mr. F. B. Meek, at Washington, December 
21, 1876, aged 59, was announced by the Secretary. 

Prof. Cope displayed and described some Dinosaurian re- 
mains (skull, dental bones, &c.) obtained in his last explora- 
tion of fresh water strata, in the far West, overlying the ma- 
rine Cretaceous. 

Prof. Cope also communicated a paper entitled “ A con- 
tinuation of researches among the Batrachia of the Coal 
Measures of Ohio.” 

Mr. Chase communicated a note on the “ Modes of central 
force which best represent some of the most general forms of 
chemical activity.” 

Mr. Blodget read a copy of a bill offered for the conside- 
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ration of Congress, and now before the House of Representa- 
tives, authorizing the President to organize a new Arctic 
Expedition. Mr. Blodget called attention to the argu- 
ments in favor of such an expedition, as at present planned, 
set forth in a pamphlet of forty pages entitled: “ Polar Colo- 
nization and Explofation, by Henry W. Howgate.” As there 
was a great deal of postponed business for the meeting of the 
evening, any further discussion of the subject was, on mo- 
tion of Dr. LeConte, postponed. Mr. Blodget’s resolution 
was as follows: 


Resolved, That the proposed expedition for Polar research, to be organ- 
ized by the President of the United States, and to be placed under the 
scientific auspices of the National Academy of Science, is approved by 
this Society, under the assurance that it will be conducted without material 
risk to life. Under such conditions it may be productive of valuable re- 
sults in physical science. 


On motion, the reading of the list of members was post- 
poned to the next meeting, and the list of pending nomina- 


tions for membership, from No. 809 to 831, was read and 
the claims of each nominee in turn presented by the sub- 
scribers to the nomination. 

Mr. Blodget Britton offered the following resolution, 
which was, on motion, seconded, debated and adopted, viz. : 


Resolved, That the Officers of the Society be authorized to certify the 
approval of a bill to relieve charitable devises and bequests from collateral 
tax ; and that this Society unites in the prayer for the passage of such a 
law. 


The following is a copy of the text of the proposed law: 


An act to relieve charitable devises and bequests from payment of col- 
lateral tax. 


Wuereas, When charitable devises and bequests are made for objects 
of public good it is unwise to diminish that good by taxation : Therefore 

Section 1. Be it enacted by the Senate and House of Representatives of 
the Commonwealth of Pennsylvania, and it is hereby enacted by authority 
of the same, That all collateral taxes upon legacies and devises for charit- 
able purposes are hereby repealed ; and all such taxes not already paid in- 
to the State Treasury are hereby relinquished and released. 


Mr. Briggs and Mr. Lesley opposed the passage of the 
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resolution on two grounds: 1. That it is not the business of 
this Society to advise the Government in uncalled-for cases ; 
and 2, That the action of a collateral tax law on charities, 
so far from being a hardship and a reminiscence of barbar- 
ism, is on the contrary beneficial and proper for stimulating 
men to the right use of their wealth during their lifetime,and 
for protecting society in the New World against the growth 
of those mortmain evils which especially characterize the 
semi-barbarous times and governments of the past. 

The contrary view was taken and supported by Mr. Blod- 
get, Mr. Eli K. Price, and Mr. J. Sergeant Price. After 
which the resolution was adopted, and the officers accord- 
ingly empowered to act. 

Mr. Blodget desired the Secretaries to see that a record 
was made of his disclaimer of any such statements and 
opinions respecting the character and condition of the foun- 
dations of the Masonic Temple and Public Buildings as are 
ascribed to him by some mistake, in the published Proceed- 
ings of the Society, No. 97, page 181. Respecting the first- 
named building he had not, and never had had any knowl- 
edge; and respecting the foundations of the Public Build- 
ings he had always known and asserted their excellence. 

On scrutiny of the ballot boxes by the presiding officer 
the following persons were delared duly elected members of 
this Society : 

809. Prof. F. Reuleaux of Berlin, Chief Commissioner of 
the German Empire at the Centennial Exhibition. 

810. Prof. Rudolf von Wagner of Wiirtzburg, Judge at 
the Centennial Exhibition of 1876. 

811. Prof. Mariano Barcena, of Mexico. 

812. Prof. E. H. Von Baumhauer, of Harlem, President 
of the Centennial Commission of the Netherlands. 

813. Prof. George Stuart, Professor of Languages in the 
High School, Philadelphia. 

814. Mr. W. V. McKean, of Philadelphia. 

815. Rev. Charles W. Shields, D. D., Prof. of the Harmony 
of Science and Revealed Religion, Princeton, N. J. 
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816. Mr. Franklin B. Gowan, President of the Reading 
Railroad, Philadelphia. 

817. Mr. Henry Phillips, Jr., of Philadelphia. 

818. Mr. Henry Turner Eddy, C.E., Dean of the Faculty 
and Professor of Mathematics and Civil Engineering in the 
University of Cincinnati. 

819. Mr. Cyrus F. Brackett, M. D., Professor Physics 
in Princeton College, N. J. 

820. Prof. James Morgan Hart, of the University of Cin- 
cinnati. 

821. Mr. Henry Armitt Brown, of Philadelphia. 

822. Dr. Charles W. Siemens, of London. 

823. Hon. M. Russell Thayer, Judge, Philadelphia. 

824. Hon. Craig Biddle, Judge, Philadelphia. 

825. T. Hewson Bache, M. D., of Philadelphia. 

826. John H. McQuillen, M. D., of Philadelphia. 

827. Geo. Strawbridge, M. D., of Philadelphia. 

828. William Goodell, M. D., University of Pa. 

829. Mr. Thos. Frederick Crane, Ph. D., Professor of Span- 
ish and Italian in Cornell University. 

And the meeting was adjourned. 


Stated Meeting February 16th, 1877. 


Present, 14 members. 


Vice-President, Mr. E. K. Prices, in the Chair. 


Rev. Dr. Shields, Dr. Goodell, and Dr. MeQuillen, newly- 
elected members, were introduced to the presiding officer 
and took their seats. 

A photograph of Professor Frederick Prime, Jr., was re- 
ceived for insertion in the album. 

Letters accepting membership were received from Mr. 
Henry Armitt Brown, dated Philadelphia, Feb. 6, 1877 ; 
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from Mr. Craig Biddle, dated 2033 Pine Street, Feb. 6, 1877; 
from Dr. Geo, Strawbridge, dated 1616 Chestnut Street. Feb. 
7,1877; from Mr. Henry Phillips, Jr., dated 304 8S. Eleventh 
Street, Feb. 11, 1877; from Mr. M. Russell Thayer, dated 
Chestnut Hill, Feb. 8, 1877; from Prof. T. F. .Crane, dated 
Cornell University, Ithaca, Feb. 8, 1877; from Dr. Charles 
W. Shields, dated Princeton College, Feb. 8, 1877; from Mr. 
George Stuart, dated 1528 N. Eighteenth Street, Feb. 12, 
1877; from Dr. Thomas Goodell, dated Preston Retreat, 
Twentieth and Hamilton, Feb. 13, 1877; from Mr. W. V. 
McKean, dated [Ledger Office], Feb. 16, 1877; from Dr. J. 
H. MeQuillen, dated 2100 Arch Street, Feb. 12, 1877. 

Letters of acknowledgment were received from the Uni- 
versity of Toronto (96, 98); and the Boston Public Library 
(96). 

Donations for the Library were received from the Society 
at Lille; Revue Politique; London Nature ; Essex Institute ; 
American Chemist; Mr. A. R. Grote, Buffalo; Franklin 
Institute; Penn Monthly ; American Journal of Pharmacy ; 
Medical News and Library ; House of Refuge ; and Reading 


Railroad; Mr. Leo Lesquereux; War Department, U. 8.; 
the Commissioner of Education, Washington; Mr. Sam. 


Scudder; Dr. Robert Peter; and the Mercantile L. Associa- 
tion, San Francisco, California. 

The death of Dr. Anderson was announced by the Secre- 
tary, on authority of information received from Columbia 
College. 

The death of Dr. Elisha J. Lewis, February 10th, 1877, at 
Philadelphia, aged years, was announced by Mr. J. 8. 
Price. 

The Secretary read a communication from Mr. Alex. E. 
Outerbridge, Jr., entitled “ On the wonderful divisibility of 
metallic gold,” giving a short description of an experiment 
mude in the Assay office of the U.S. Mint, at Philadelphia. 


Mr. Outerbridge electrotyped a film of gold upon a copper-plate, the 
difference of weight before and after the process, in two trials, showing 
the weight of gold deposited to be 1-10 of a grain, over a surface of two 
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hundred square inches ; which, if the gold were equally distributed in a 
continuous film over the whole surface, would give it a thickness of 
1-980,400th part of aninch. A single grain of gold may be beaten out so 
as to cover seventy-five square inches with a thinness of 1-367,650th part 
of an inch. 


The Secretary read a communication entitled ‘“ A meas- 
ured section of the Paleozoic Rocks of Central Pennsylvania 
from the top of the Alleghany River Coal Series (on Broad 
Top) down to the Trenton Limestone, in the Lower or Cam- 
bro-Silurian System.” by Charles A. Ashburner, Assistant 
on the Second Geological Survey of Pennsylvania. 


Gen. Kane resumed the reading of his communication 
made at a recent meeting of the Society, describing his per- 
sonal observations in Mexico, and discussing the ethnologi- 
cal movements taking place in that part of the American 


Continent. 

Professor Cope exhibited and described some fossil remains 
of a Dinosaur, found by Dr. Newberry in 1870, in one of the 
cahons of the mountains of Utah, the first ever discovered 
in Triassic rocks in that part of the Continent. He com- 
pared them with others found by himself in 1874. 

Professor Cope exhibited drawings of scratched figures on 
coal shales said to have been formed in an Indian mound 
near Davenport, Lowa, and now preserved in the Museum of 
the Davenport Academy of Sciences. One of these drawings 
represents a kind of zodiac, and the other numerous forms of 
animals, some of which are easily recognized, while those of 
others are unknown. These drawings are of such unusual 
excellence of design, and the accompanying symbols and let- 
ters have so Indogermanic an aspect, that doubts were ex- 
pressed by some of the members present concerning their 
genuineness. 


Pending nominations 830 and 831, and new nominations 
832, 833 and 834 were read. 


The resolution of the Finance Committee postponed at the 
last meeting was taken up, and on motion an appropriation 
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of $1500 (fifteen hundred dollars) was made for continuing 
the printing of the Catalogue of the Library. 

Gen. Kane read the following joint resolution offered to 
Congress. 


Resolwed, That the President be authorized to confer with the authorities 
of Mexico for the establishment of a joint commission having for its object 
the scientific exploration of the border States of Mexico and the United 
States ; the operations of the commission to be conducted under the advice 
of the National Academy of Sciences. Provided however, that nothing 
herein contained shall be construed as to involve the United States for the 
payment of any claim which may grow out of such action or proceeding. 
Act, July 12, 1870. 

On motion of Gen. Kane, it was resolved that this Society 
approves of the passage by Congress of the above Resolu- 
tion; heartily commending the scientific exploration pro- 
posed, and the form of organization suggested. 

And the meeting was adjourned. 


Stated Meeting, March 2nd, 1877. 
Present, 15 members. 
Vice-President, Mr. Pricer, in the Chair. 


Dr. Bache, a newly elected member, was presented to the 
presiding officer, and took his seat. 

Letters accepting membership were received from Prof. 
©. F. Brackett, dated Princeton, Feb. 17, 1877; and Prof. 
Henry Turner Eddy, C. E., dated University of Cincinnati, 
Feb. 26, 1877. 

A photograph for the album was received from Dr. Geo. 
W. Anderson, of the American Baptist Publication Society, 
1420 Chestnut Street, Philadelphia. 

A letter requesting a set of Proceedings for working pur- 
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poses was received from Prof. J. J. Stevenson, dated 314 
West 30th Street, N. Y., Feb. 15, 1877; and on motion the 
request was granted. 

A letter requesting No. 73, 75 and 80 of the Proceedings 
of the Society, and the loan of any cuts relating to the 
subject of Indian sculptures in the possession of the 
Society, to be used by him in his work on Indian Antiqui- 
ties, was received from Mr. E. A. Barber, West Chester, Pa., 
with references to Prof. T. C. Porter, of Easton. On motion 
the Librarian was directed to correspond with Prof. Porter, 
and authorized to grant Mr. Barber’s request. 

Letters of acknowledgment were received from the Rad- 
cliffe Observatory, Feb. 12, 1877; and the Franklin Institute. 

A letter of envoy was received from C. P. Ob., St. Peters- 
burg. 

Donations for the Library were received from J. J. A. 
Worsaac, of Copenhagen; Annales des Mines; Revue Poli- 
tique ; Geographical Society and Bureau des Longitudes, 
Paris; Royal Astronomical Society ; Victoria Institute and 
London Nature; Nova Scotia Institute at Halifax; the 
Editor of the Naturalist’s Directory, Salem; the A. Antiq. 
Society, Worcester; American Chemist; Index; Mr. Potts 
of Camden, N.J.; Mr. Fred. Graff, Mr. Hermann Haupt, 
and the Mercantile Library Co., of Philadelphia ; Commis- 
sioners of Second Geological Survey of Pennsylvania; U.S. 
Corps of Engineers, and Publie Library of Indianapolis. 

The death of Rear Admiral Davis at Washington, Feb. 
25, 1877, aged years, was announced by the Secretary. 

Professor Sadtler communicated the results of his recent 
gas analyses; and Mr. Lesley described the importance of 
the investigation in a geological sense, as the first ever pub- 
lished which took into account the elements of depth hypso- 
metrical, depth geological, order and age of the oil horizons, 
and geographical distribution of the groups of wells in a 
north and south direction from Pittsburgh to Buffalo. 

Professor Cope exhibited a vertebral column, thirty-three 
feet long, of an unusually perfect Elasmosaurus, to which he 
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gave the specific name of Serpentinus, and described the 
points in which it differed from ZH. platyurus (Cope), a de- 
scription of which had been given at a meeting of the So- 
ciety nine years ago, and was published in its Transactions. 

Professor Cope also communicated evidence of the exist- 
ence of a new species of Mastodon in the United States, and 
proposed for it the specific name MM. tremontinus. 

Mr. Chase called attention to some experimental results, 
illustrating his 6th, 7th and 10th fundamental propositions 
of central force. 

Professor Blazius read a paper entitled “ The progress in 
Meteorology, and its tendency during the last twenty-five 
years; with some supplementary notes to a recent English 
work bearing that title. 

Pending nominations 830, 831, 832, 833 and 834 were 
read. 

And the meeting was adjourned. 


Stated Meeting, March 16th, 1377. 
Present, 12 members. 
Vice-President, Mr. Price, in the Chair. 


Mr. McKean a newly elected member was introduced to 
the presiding officer and took his seat. 

Letters accepting membership were received from Prof. 
J. M. Hart, dated 228 8. Broad Street, Philadelphia, March 
24,1877; and from Prof. F. Reuleaux, dated Berlin, Feb. 
20, 1877. 

Letters of acknowledgment were received from E. A. 
Barber, dated West Chester, Pa., March 12, 1877, (73, 75, 
80); the Lenox Library, dated New York, March 14, 1877, 
(96, 98); and Prof. J. J. Stevenson, dated 314 W. Thirtieth 
Street, New York, March 7, 1877 (65 to 98). 

A letter of envoy was received from Prof. Daniel Kirk- 
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wood, dated Bloomington, Indiana, March 8th, 1877, with 
a MSS. communication. 

Donations for the Library were received from the Royal So- 
ciety, New South Wales; the Editors of the Flora Batava; 
the Royal Belgian Academy ; the Revue Politique; the M. 
C. L., Cambridge, Mass. ; Silliman’s Journal; New Jersey 
Historical Society ; Astor Library; Mr. E. A. Barber, Prof. 
P. Frazer, Jr., Dr. Hewson Bache; the Medical News ; 
Journal of Pharmacy ; Franklin Institute and Penn Monthly ; 
War Department at Washington, and Don J. Ramon de 
Ybarrola, of Mexico. 

A communication was read by the Secretary entitled, 
“On Eight Meteoric Fireballs, &., by Daniel Kirkwood, 
Professor of Mathematics, Indiana University, Bloomington, 
Indiana.” 

Prof. Blazius continued the reading of his paper on “ The 
tendency of modern meteorology.” 

Dr. Wood communicated a paper entitled “ On the as- 
serted antagonism of Nicotia and Strychnia, by Francis L. 
Haynes.” 

The Secretary communicated a paper entitled, “ Notes on 
the results of a survey of the iron ore beds of the Juniata 
District of the Second Geological Survey of Pennsylvania 
by John H. Dewees.” 

Prof. Cope exhibited and described a cast of the brain 
cavity of Coryphodon elephantopus, of which a complete skele- 
ton exists, and discussed the homologies of the organ, and 
showed that the genus to which the animal belongs prop- 
erly constitutes a fourth sub-order of mammalia lower in 
type than the Marsupialia. 

Pending nominations Nos. 830, 831, 832, 833, and 834 
were read. 

Prof. Chase offered the following preamble and resolutions, 
which were seconded, discussed and adopted : 


Whereas, It is of the greatest importance that the investigation of nat- 
ural phenomena, such as the origin and migrations of creatures, noxious 
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to agriculture, should be directed by disciplined men of science, of ac- 
knowledged ability and trustworthiness, and 


Whereas, This Society has been informed that a vacancy may occur in 
the post of Commissioner of Agriculture in the Department of the Interior, 
and 

Whereas, The name of our fellow member, and distinguished naturalist 
and entomologist, Dr. John L, LeConte, has been put forward for recom- 


mendation to the President for said appointment, therefore 


Resolved, That this Society heartily endorse such recommendation. 


Prof. Frazer offered the following resolution : 
Resolved, That this Society recommend to its members in the presenta- 


tion of papers containing references to length, weight and capacity, to add 
to such units as they may deem preferable, the metric units. 


Dr. Rogers offered the following amendment : 


And also, That those who may use the metrical system shall convert the 
same into the English. 


The resolution and amendment were ordered to be pub- 
lished on the card of notice for the next meeting, and dis- 
cussion on their merits was postponed. 


The meeting was theu adjourned. 


(Continued on page 661.) 
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On the Progress of the North American Carboniferous Flora, in prepara- 


tion for the Second Geological Survey of Pennsylvania. 
By L. LesQquEREvx. 
(Read before the American Philosophical Society, January 5, 1877.) 


The purpose of this memoir is to give a short account of the progress 
which has been made, to this day, in the preparation of the North Ameri- 
can Coal Flora as one volume of the current Reports of the Second Geo- 
logical Survey of Pennsylvania. 

At first it seemed appropriate to prepare for publication, and in order to 
preserve the right of priority of names, a catalogue of the species which 
have to be described in the Flora, and to define the essential points of the 
classification, especially the generic divisions. 

Details of classification, however, cannot be positively fixed before 
all the materials used in the preparation of the descriptions of the species 
have been definitely examined. Then the manuscript of the flora will be 
ready for the printer and a synopsis of it would be useless. Moreover, a 
mere enumeration of names would offer little of general interest. 

It is therefore more advisable to give in advance an exposé of the plan 
which has been followed in the researches deemed necessary for the pre- 
paration of the work ; of the available sources of information ; of the ma- 
terials, when and where collected for it ; of the point arrived at until now, 
and, therefore, of the more interesting data which have to be exposed in 
the publication of this Flora. 

Those who have ever examined what is generally called specimens of coal 
plants, know that they generally represent parts of trunks, whose surface is 
marked by peculiar impressions; or branches without leaves, whose relation 
is recognized also by the scars upon their bark; or, for the ferns, especially, 
fragments or pinne of fronds with leaflets, or more generally, of detached 
pinnules, which, though they may be beautiful, do not give, when con- 
sidered separately, an idea of the general or true character of the vegetable 
to which they belong. The classification of the living species of the great 
family of the ferns is derived more especially from the characters of their 
fructifications. In the coal, though the ferns constitute by far the greatest 
part of the vegetation, their fructifications are rarely found, and when found, 
they are mostly attached to branches or pinne separated from the sterile 
fronds, which then, were, as they are now, of.en very different in asp»et 
and characters from the fruiting ones. Hence it is very difficult to ascertain 
their correlation ; and thus the paleobotanist may place in one genus a sterile 
branch when he has to describe the fertile pinna of the same tern, in another. 
Long ribbon leaves, hard fruits of various shape, also are frequently seen 
in the shaie of the coal; but these are most rarely, if ever found attached 
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to stems, and, therefore the relation of many of them to the plants which 
they represent prevents their reference to original types, and forces, for their 
description, an artificial classification which the discovery of a single 
specimen may overthrow. Hence it happens that, in the pursuit of his 
researches to recognize the specific characters or even the more distant 
relations of the vegetable fragments, the paleontologist is forced to look for 
and to compare a large number of specimens before he is able to fix their 
references. The subdivisions of the leaves or fronds of ferns, the pinne 
and pinnules, have not between the same species that kind of likeness or 
affinity of shape remarked between the leaves of dicotyledonous plants. 
The modifications of form are not only extremely numerous, but present 
such an anomalous diversity, that botanists unacquainted with this section 
of natural history could often suppose no generic relation between some 
of the leaflets which represent the same species. One of the most common 
ferns of the middle coal measures, a Neuropteris, for instance, is nearly 
always found in detached, fine, large, cordate-lanceolate leaflets, which 
sometimes measure four to five inches in length and two or three inches in 
diameter. Some small round or broadly oval pinnules are generally found 
mixed with those large leaves ; they are not even half an inch in diameter ; 
and though they have a similar character of nervation, the difference in 
shape and size is so marked that they were of course described under a 
different specific name. Lindley and Hutton were the first to suppose, 
from their coincidence of local distribution, that they might possibly repre- 
sent parts of the same plant. Since then, and long afterwards, large branches 
of fronds have been discovered in this country with the two forms of leaves 
attached to the same pedicel, the large leaves being borne upon a short 
stalk, with two small leaflets attached to their base. A number of cases ot 
the same kind might be mentioned ; but this one is sufficient, and I quote 
it not merely to show how great are the difficuliies encountered by the 
botanist in the study of coal plants and what persistence it demands, but 
to prove that the discoveries made in the coal flora of this continent ren- 
der now to European paleontologists the same amount of assistance that 
we have received from their works in former times. 

The remains of coal plants, generally pleasant to the eye by their grace- 
ful shape, and some of them of very peculiar forms, widely apart from 
those which are generally observable in the vegetation of our time, could 
not but, as wonderful productions of nature, excite the interest of the first 
investigators of the carboniferous measures of Pennsylvania. Already 
in 1818, Steinhauer had published in the Transactions of the American 
Philosophical Society his Fossil reliqguia, where remains of plants now re- 
ferable to Calamites, Lepidodendron, Ulodendron, Artisia, Sigillaria, and 
Stigmaria, are figured and described under the collective name of Phyto- 
lithes. He does not represent any kind of fern ; but he mentions in the in- 
troduction that most of the specimens of fossil plants from the carboniferous 
are Filices (ferns). After him, in 1820, Granger mentions without descrip- 
tions a few specimens of coal plants from Zanesville, Ohio. From that time 
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to 1828, Granger, Cist and Professor Silliman sent a number of specimens 
to Brongniart, who was then engaged in the publication of his great work 
upon the flora of the coal. In 1831, Professor Eaton described with figures 
a fossil scale tree, ( Lepidodendron\, sent to him from Montrose, in Bradford 
County, Pennsylvania.* In 1833, the same author remarks that Professor 
James Hall had made in Pennsylvania the most extensive collection of 
vegetable fossils that had hitherto been made on this continent, and gives 
the names of six species which had been determined by the aid of Brong- 
niart’s figures and descriptions, adding that he had before him twenty-five 
ascertained species from the coal measures of Pennsylvania. Already in 
1831 the description of Fucoides Brongniarti was published by Harlan, who 
had discovered it and mentioned it before as F. Alleyhaniensis. This species 
was later redescribed by Hall in Pal. of New York, as F. Harlani, and later 
still Géppert, in his Flora of the Transition measures, rendered a just tribute 
of homage both to Harlan and to Hall in describing it anew as Harlavia 
Hatt. I find in the same historical record of Professor Lesley, mention of 
a splendid collection of coal plants made at great expense and presented 
to the Geological Society of Pennsylvania by Dr. Martin. This collection, 
it seems, has been lost. Then, of a plate of fossil plants of the New Red of 
Virginia, by Mr. F. G. Clemson; farther on, a paper by Harlan on coal plants, 
four species of which are figured ; and later still, some remarks from the 
same naturalist upon a species of Hgu/setum referrable to Asterophyllites or 
Annularia. To this I may add the record of a memoir published in 1837 
by Dr. Hildreth, in Silliman’s Journal, where this able geologist and noble 
man has figured a number of coal plants, mostly undescribed and without 
names, some of them of indefinite relationships ; and of another memoir 
published in 1847 by Dr. Teschmacher of Boston, who mentions twenty - 
three species of coal plants from Massachusetts ahd Rhode Island, some of 
them figured, and more or less distinctly referrable to species known from 
the works of European authors. For, at that time, the coal flora of Europe 
had been already studied with great activity, and besides the works of the 
older authors, Schlottheim, Artis, Lindley and Hutton, Sternberg, which have 
lost nothing of their scientific value even to our time, the paleobotanists of 
America had for points of comparison of their fossil plants the Flora of 
Brongniart, and his numerous memoirs on coal plants published from 1821 
to 1844 ; a pamphlet of Berger on the fruits of the coal ; Corda’s Beitrage, 
a splendid work on the internal structure of fossil trunks and stems; Ger- 
mar’s work on the fossils of the carboniferous of Wettin ; Géppert’s Systema, 
1836 ; and later, his genera (Gattungen), published from 1841-48 ; Gutbier ; 
Unger on the Calamites ; and less important memoirs of authors, Binney, 
Geinitz, Schimper, Roemer, etc., who have now become far-famed by no- 
table works on the vegetable paleontology of the coal. 

From this rapid synopsis it may be seen how little was known of the car- 
boniferous flora of North America when, in 1851, I was called to join the 


*I quote this and the following data from Professor J. P. Jsesley’s historical 
eketches, as I have had no access to the mentioned memoirs, 
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corps of the first Geological Survey of Pennsylvania as Paleobotanist, and 
was then requested, not merely to collect and study the coal plants, 
and to give an account of them, but to find in regard to their stratigraphi- 
cal distribution some data which might be of application for the determi- 
nation of the relative position of the coal beds. I went to work then ; but 
when I look now upon those first researches of mine, I can but feel a deep 
sense of commiseration for that student of American paleobotany who had 
never before seen an American specimen of fossil plants, and who was 
called to prepare a full record of a flora which after twenty-five years 
of incessant work is as yet, and will ever be, incomplete; and to de- 
cide upon problems as far from solution now, after the multiplied re- 
searches of a score of naturalists of the highest standing, as they 
were thirty years ago. And this commiseration does not apply merely 
to the results of the work, but to the labor itself. I had as yet never 
had any collection of coal plants of my own, and thus had no points 
of comparison whatever. I had merely studied these plants in some 
of the more important cabinets of Europe, especially that of Strasbourg, 
which had furnished to Brongniart a large part of the materia!s used for his 
Flora. And, except a copy of Sternberg lent to me by the director of the 
survey, [had no books. The work had to be done, however. Spending days, 
even whole weeks, upon the great heaps of black shale, now such a marked 
feature of the landscape of the Anthracite fields ; cutting and turning over 
those shales, sometimes heated by the sun to such a degree that they could 
hardly be taken into the hands ; comparing incomplete fragments in trying 
to recognize the original characters of the plants ; carefully collecting all 
that seemed of any value to my purpose, and heaping and transporting 
lots of specimens on my back, however great the distances might be, I had 
soon materials enough at my command. For then most of the mines were 
new openings; the shales were generally taken out, and lay uncovered, 
and some of the coal beds were very rich in fossil remains. Moreover, I 
found already some fine cabinets of fossil plants open to me for exami- 
nation ; that of Mr. Clarkson of Wilkesbarre ; of Mr. Jones of Carbondale, 
both very intelligent gentlemen, superintendents of coal mines ; and many 
fine specimens, isolated as curiosities by hotel keepers or land proprietors, 
were presented to the survey. All these specimens after being examined 
and labeled by a No. of order corresponding with those of my book of ref- 
erences, in which remarks on the specification were written, were boxed 
and sent to the address of Professor Rogers at Philadelphia ; except, how- 
ever, those which had to be figured for the plates of the report, or which as 
yet, of uncertain relation, had to be more carefully studied. 

At the suggestion of the director of the survey I had prepared for pub- 
lication in the Boston Journal of Natural History (August, 1854) an 
abridged description of the new species of fossil plants found in the coal 
fields of Pennsylvania. But the final report was mostly made at the house 
of Prof. Rogers at Boston, where all the specimens of the survey were 
then, and where I spent three months in a final review to close the memoir 
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on the fossil flora of the coal. When I delivered it, it was with the under- 
standing that I should have the privilege of reviewing the manuscript 
before it was delivered to the printer, or at least of correcting the galley- 
proofs. But I heard nothing more about it, nor a word from Prof. Rogers ; 
and thus I supposed that the publication of the report had been abandoned ; 
when I received, in 1858, a printed copy of the plates, with a note request- 
ing me to correct them if I found it advisable, and stating that the report 
was already definitely printed. Of course, as I had no copy of the manu- 
script, nor any proof prints, I could not correct the plates, which are 
moreover satisfactorily engraved. It is not necessary to say that if I could 
have reviewed the memoir before its publication it would have been, if not 
re-written entirely, at least grea'ly modified ; for afier some years of fur- 
ther researches for specimens of coal plants in the Pennsylvania anthracite 
fields, I should have had some important corrections to make and a number 
of interesting data as additions to it. For indeed its phraseology is very 
poor, the -descriptions incomplete, and some of the species incorrectly 
named ; the orthography of the Latin names especially is abominable ; but 
as it is the same for the nomenclature of Prof. Rogers, the printer is ac- 
countable for the defect. Even on the subject of incorrect determinations 
of species little has been criticised of the memoir by European authors, and 
the continued examination of a great number of specimens up to this time 
has confirmed them with few exceptions. Asterophyllites ovalis and cras- 
sicaulis are fruiting branches now referred by some b stanists to Annularia, 
by others to Sphenophyllum, by myself still to Asterophyllites. The charac- 
ters of these remains are now known by specimens as comple’e as may be 
obtained of petrified vegetable organisms; their relation is, however, not 
determined upon, and is still in discussion among European authors. 
Alethopteris obscura, of which a mere fragment, seemingly far too incom- 
plete for satisfactory determination, is represented Pl. I, was later dis- 
covered at the same locality, in whole pinnz, which show the same charac- 
ters and relation as marked in the first description. Cyclopteris ( Neurop- 
teris) fimbriata has not only been found at different places, especially in 
Illinois, always representing the characters originally ascribed to it, but 
even Prof. Heer, who, when the species was first published, considered it 
as an imaginary or abnormal representation of leaves of ferns, has it now 
from the anthracite measures of Switzerland, and has described two species 
remarkably similar to or perhaps identical with it. The splendid Newrop- 
teris Rogersiti has been found again in many specimens, at the same and 
only locality where it had been originally discovered, preserving its 
identity of characiers. Another specimen also has been obtained of the 
queerly branching Sphenopteris Newberry, with the same peculiar forking 
of its pinne. And the Lepidodendron species, though multiplied too far 
according to Schimper, have been studied from an immense number of 
specimens from the lower plant bearing strata of the whole extent of the 
North American coal measures, and their specific characters have been 
found persistent upon large trunks and upon small branches, therefore with 
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the scars of very different size. Some correc.ions have to be made, as said 
above, but certainly not more than would be demanded for a work of this 
kind, pursued under the most unfavorable circumstances, twenty years after 
its publication. 

After the close of the survey or of the exploration under the direction of 
Prof H. D. Rogers, I had continued, on my own account and at my own 
expense, the explorations for the s‘udy of the coal plants of the anthracite 
fields of Pennsylvania. In the fall of 1857, while stopping at Pottsville for 
the examination and determination of a large lot of specimens of fossil 
plants in the cabinet of the Pottsville Scientific Association, I was requested 
by some members of the society to prepare a catalogue of all the species 
which had come under my examination in Pennsylvania and other States, 
including the species which I had then recognized in the Pottsville cabi- 
net. This catalogue, delivered February 1858, was immediately pub- 
lished. It comprises the names of 286 species, including those copied from 
a list of the species of coal plants from Ohio by Dr. Newberry. Most of 
the species described in my report to Prof. Rogers are named, and form the 
largest part of it; some however being left out as uncertain, others added 
and described and figured as new. No reference is made inthis catalogue 
to the Pennsylvania Geological Report for the good reason that I did not 
know if this report should ever appear in print. But as the new species 
described in it had been already published, and their names were thus 
public property, and as the others were those of species described by 
European authors, I was then and am now still unable to see how the 
publication of this catalogue could be considered as a breach of literary 
obligation, according to the expressions of the Pennsylvania report, p. 878. 
It is certainly needless to say any more on the subject. 

I had at that time become acquainted with the fossil flora of the Penn- 
sylvania coal measures quite as sufficiently as I thought needful for 
my purpose, and I was anxious to pursue the exploration in other coal 
fields in order to be able to study the characters of the vegetation of the 
coal at distant localities, for the elucidation of more important questions, 
those especially referable to the geographical and stratigraphical dis- 
tribution of the species at the carboniferous period. For it would not do to 
attempt to expose a history of the American coal flora merely from data 
obtained in Pennsylvania. With this idea I began a new series of field explo- 
rations, and the examination of all the collections of fossil plants to which 
I could gaia access ; and this work has been pursued nearly uninterruptedly 
until now. First I went, twice. along the Ohio river from Pomeroy down to 
Gallipolis, and up the Kenawha river to the salines of Charlestown, Vir- 
ginia. I had then the opportunity to see the cabinet of Dr. Hildreth at Ma- 
rietta, and to begin with this justly venerated geologist a series of relations 
and mutual communications continued to his death. At Charles‘own I had 
access to a fine cabinet of specimens of the Rev. Mr. Brown, who had a num 
ber of in‘eresting and new species. I collected myself good material for study 
in the mines worked then above that place. I visited the more interesting 
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portions of the coal measures of Ohio ; twice the mines of Cuyahoga Falis ; 
those along the railroad from Cleveland to the mouth of Yellow creek ; the 
coal strata under the Flint ridge near Newark ; those of Zanesville. and 
down the Muskingum river, thus passing over the coal fields in various di- 
rections. 

I had been before to Nashville to see Professor Troost and his cele- 
brated cabinet of mineral specimens, which had thea scarcely anything 
referable to vegetable paleontology. I found later, however, at Lebanon, 
in the collections of Prof. Jas. M. Safford, State Geologist of Tennessee, a 
fine lot of remarkably well preserved impressions of ferns, with some hard 
fruits, Carpolithes, Trigonocarpes, some of them new species. 

These private researches becoming too expensive for my very limited 
means, and also too little productive in results of importance to my re- 
searches, I readily accepted the proposition of Dr. D. D. Owen, to join his 
corps of assistants on the Geologica] State Survey of Kentucky, and gave to 
the work two or three months each year. These explorations were of little 
account, and did not afford any valuable discoveries in vegetable paleon- 
tology. For except the coal beds of the upper stage, worked for the use of 
steamboa‘s along the Ohio river, and which had no fossil remains of plants, 
most of those exposed inland were then unopened for want of communica- 
tions, and thus I had rarely any opportunity to get good specimens. 


The results of the geological reconnaisance in Arkansas, under the same 
direction, were far more valuable and interesting. But here, again, it was im- 
possible to stop at peculiar places for prolonged investigation for fossils. So 
hurried were the explorations made, with the necessary incumbrance of a 
camp, that for the examination of the finest exposition of a coal, that of 
Malés, where there was an abundance of specimens, we had scarcely one 
hour of time. This exposure was at the top of a mountain where no water 
and no feed could be got for the horses, and arriving at the mines late in 
the evening when it was already nearly dark, we had to leave at daybreak, 
and thus was lost the only good opportunity I had to compare the charac- 
ters of the sub-carboniferous flora of that State with those of the true carbo- 
niferous of the Eastern basins. 

The specimens hastily secured in that short time, however, proved very 
valuable ; for if they did not represent a number of species sufficient for a 
determination of the general character of the vegetation, they showed 
mostly new types, as may be seen in the second volume of the Arkansas 
Geological Report, where they have been described and figured in five 
plates. 

My next explorations in connection with the Geo'ogical State Survey of 
Illinois were, per contra, very productive in valuable discoveries in relation 
to the flora of the coal. The very able chief of the survey, A. H. Worthen, 
then gave not only to the direction of the work the greatest energy, look- 
ing for every possible opportunity of examining himself the coal strata 
whose station was still uncertain ; but whenever we had chances of obtain- 
ing fossil remains he gave me sufficient time and his own assistance for 
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collections which, transferred to the large State cabinet of Springfield, were 
afterwards examined and determined at leisure. Some localities, like that 
of Morris, Grundy county, for example, where the vegetable fragments are 
preserved both in soft shale, and in very hard concretions, afforded a rare 
opportunity for the study of a local distribution of the coal flora and also of 
a remarkable exposition of its richness and luxuriance. For the con- 
eretions there hold in preservation some of the small and soft vegetable re- 
mains which are generally destroyed by a protracted maceration in porous 
materials like shale or sandstone. There were moreover at Morris some 
private cabinets of gentlemen interested in fossil botany by the beauty of 
the specimens obtainable in the vicinity, those of Jos. Even, S. 8. Strong, 
Prendel, Armstrong. These were kindly opened for my examination, and 
afforded abundant materials for study. The essential results of the paleo- 
botanical explorations in Illinois are exposed in the second and fourth vol- 
umes of the Geological Reports of that State, and their importance may be 
judged by the table of species, Vol. [V, p. 471, whose number amounts to 
two hundred and twenty-six, a number which has been greatly increased 
since then. Some of the species recognized in the flora of Morris are 
extremely interesting, remarkable indved for characters which had no- 
where been recognized until then in the vegetation of coal, and which 
therefore might be supposed to be somewhat imaginary or derived trom ob- 
scure specimens. These, however, like Neuropteris Verbenafolia, N. 
pachyderma of the second volume, have been re-discovered in better speci- 
mens, though the first were already satisfactorily determined. And this was 
the more opportune that the first and only specimens used for exemplifica- 
tion and belonging to Mr. Even had been lost by a fire which destroyed his 
whole property. This second volume also figures some peculiar species to 
which is attached a double importance and significance, by their own char- 
acters, and by their relations to types generally considered as strangers to 
the carboniferous formations. Of these I will say something more after 
finishing the enumeration of the means employed for increasing the amount 
of materials serviceabie for the study of the coal flora. 


While occupied with the surveys, I had always, in pursuance of the 
same plan, looked for every opportunity of examining local collections or 
encouraging local researches for specimens of fossil plants. The specimens 
of Amherst College had been entrusted to me for determination. I had 
seen also those of Yale College, those of Prof. J. D. Dana; determined the 
apecies in the cabinet of Princeton College, and established correspondence 
for exchanges or communications ; among others with Mr. T. H. Clark, 
of Newport, R. I., who had for a long time collected specimens of plants 
from the coal of Mount Hope, which by and by gave a very interesting 
eontribution to the North American coal flora. More recently a new light 
was thrown into the obscure question of the vertical distribution of the coal 
flora and upon the characters of its groups, by the communication of a 
whole cabinet of fossil plants from the coal fields of Alabama, sent for de- 
termination by the Director of that Geological Survey, Prof. Eug. A. Smith. 





1877.) 405 [Lesquereux. 


A mere catalogue of the names has been published in the first volume of 
his first report, together with a reference to the group or geological 
division indicated by these plants. The remarks then made on this sub- 
ject have been confirmed by subsequent communications of specimens from 
the same coal fields ; those of Mr. T. H. Aldrich, proprietor of the Monte- 
vallo coal, and of Mr. Thos. Sharp, Superintendent of the Newcastle Com- 
pany. 

Since my connection with the Second Geological Survey of Pennsyl- 
vania explorations of the same kind have been pursued with renewed 
activity, and these have been still more fruitful and more interesting than 
those of old. They have greatly increased and multiplied the field of 
researches, constantly adding new materials to those which were at 
hand, and thus showing how great is the richness of the vegetation of the 
coal, and how backwards we are yet in our acquaintance with it. We 
have now a group of fossil plants from Clinton, Mo. which, collected by 
Dr. Britts in lower carboniferous very productive shale, not only repre- 
sents many new species, but, taken in the whole, affords a fair point of 
comparison for the western lower coal measures. Another from the Can- 
nelton Coal of Beaver county, Pa. (Coal C, of Lesley), where M. J. F. 
Mansfield, the proprietor, has, at great expense of time and money, pur- 
sued systematic explorations in the roof shales, which there hold re- 
mains of plants in profusion. This local flora will become an important 
representative of the vegetation of the middle part of the lower carbonifer- 
ous. Prof. Worthen has sent a lot of plants, some of them of new and re- 
markable types, from under the Chester Limestone of Western Illinois ; and 
Prof. E. T. Con, another not less interesting from the Whetstone grit 
of Indiana, which overlies the same sub-carboniferous formation. From 
the same geologist I have had for determination a number of specimens of 
fucoids, or remains of marine plants, very remarkable in their typical 
relations, all discovered in the coa] measures of Indiana. Though these do 
not belong to the Pennsylvania survey, and have been described in the 
last report of Indiana, they pertain, of course, to the Coal Flora. And more 
still, we have received from Illinois a lot of specimens from the pseudo- 
carboniferous, representing plants of the same characters as those discovered 
by Prof. E. B. Andrews in the Waverly Sandstone of Ohio. This com- 
munication is due to Mr. 8. H. Southwell, of Fort Byron, Ill. who dis- 
covered also at about the same horizon specimens of one of the species of 
fucoids described in the Indiana report. 


Last fall I visited twice the sub-carboniferous coal beds around 
Sharon and Youngstown, to ascertain the character of their vegetation, 
and obtained valuable specimens, some of them of new species. I made 
also a short tour of exploration in the basins of the Swatara river and 
Raush creek to compare once more the plants of the Mammoth with those 
of the Salem vein. Besides the specimens found by myself, a number of 
others were then presented to the Survey by Mr. T. Price Wetherill, of 
Tremont. Mr. W. Lorenz, Superintendent of the Philadelphia & Reading 
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R. R. directed the researches to the more interesting localities, presented 
to me all the specimens found by himself, and when I returned to Phila- 
delphia gave me the privilege of examining his cabine', to select from 
it all the materials which might be of use to my work. 

The last, but not the least, important communication to the Survey is 
due to Mr. 8. 8. Strong, of Morris, Ill. I have already remarked upon his 
cabinet, which was opened for my researches in connection with the Geo- 
logical Survey of Illinois. Since that time this proficient explorer of 
vegetable remains has constantly increased his splendid collection, especially 
from the nodules of Mazon creek. Lately he proposed that I should go to 
Morris to make a fair review of his specimens and to determine them, offer- 
ing to the Survey, as a compensation to my work, all those which I should 
consider as representatives of very rare or new species. This examination 
has added an important s‘ore of materials of great value to those which we 
had already ; and it is evident that by the addition of a number of species 
of various types, either new or not observed before at Morris, we have in 
the flora of that locality the best possible point of comparison for geological 
distribution of the coal flora ; while, by its station between the two essential 

‘subdivisions of the coal measures, it offers the same advantages for judging 
of the modifications of the plants in passing from the sub-carboniferous 
upwards. 

To close this enumeration of the resources now in store for the prepara- 
tion of the North America Coal Flora I have still to mention the publica- 
tions made in this country upon the same subject ; for of course this Flora 
has to take into consideration the materials used in the preparation of these 
works. The most important ones are the memoirs of Professor J. W. Daw- 
son, of Montreal, who has studied for years the Devonian and lower carbo- 
niferous floras of Canada, and of the Western States with a patience and 
industry which have justly rendered his name famous. After this in de- 
gree of importance we have, in the first volume on the Paleontology of the 
Geological Reports of Ohio, a valuable monography of fruits of the carboni- 
ferous by Dr. Newberry. It throws much light upon the true characters of 
those vegetable remains so rarely found in a good state of preservation, and 
so difficult to study, especially in regard to their relationships. A 
number of them had been briefly described, by the same author, in the 
Annals of Science, 1853. The second volume of the same Report is en- 
riched by a memoir of Professsr E B. Andrews, upon species of fossil 
plants discovered by himself in the formation of the Waverly Sandstone of 
Ohio. By the precise descriptions and the splendid illustrations of the spe- 
cies representing new typical forms of the vegetation of the coal this mem- 
oir is indeed an important contribution to vegetable paleontology. We 
had had before upon some species of the Vespertine of Virginia a too short 
paper from Professor B. F. Meek, with two fine plates of illustrations, and 
an accuracy of description which so remarkably characterized this paleonto- 
logist who leaves behind him a wide-world repute. This has been followed 
up by another memoir on the conglomerate series of Virginia, by Pro- 
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fessor V. Fon‘aine. No plates are given as illustration of the species; but 
these are so carefully described that the characters are easily recognized with- 
out figures. In connection with Professor I. C. White, these gentlemen are 
now studying a lot of fossil plants whose discovery is due to Professor John J. 
Stevenson, but whose specimens were collected by themselves. They rep- 
resent an upper section of the carboniferous, apparently touching on the 
Permian. The results of this study which they intend to publish soon, can 
not fail to add new materials which ought to contribute to the fullness of 
the coal flora. 


From all that has been seen above it is clear that this Coal Flora, in 
preparation for the second Geological Survey of Pennsylvania, is not merely 
a description with figures of the species of the coal measures of that Sta‘e. 
The concentration of such researches within precise geographical limits 
would deprive them of any importance, and of any scien‘ific value ; for the 
work done in that way would give only a very meagre representation of 
the vegetation of the coal period, and it is desirable to know it in its whole 
extent, as far as our acquaintance with it has advanced until now. I pur- 
pose, therefore, to consider all the plants found in the coal measures, from the 
eastern limits of the continent (New Scotia, New Brunswick) to the eastern 
borders of the coal fields in Kansas. Even farther West, in the Rocky 
Mountains, a few remains of Calamites have been found. They represent 
merely two species recognized in the Permian as well as in the carbonifer- 
ous of Europe, and they offer no great interest by their specific characters. 
They have to be described, however, as serviceable for comparison in case 
of future discoveries. And considering the vertical distribution of the vege- 
tation of the coal, it is advisable also to give to this flora the widest possi- 
ble range, and to admit into it all the species of land plants recognized on 
this continent, from the first appearance of land vegetation in the upper si- 
lurian strata, to the end of the carboniferous period. The true devonian 
species, those which have not yet been observed in the Catskill or Old Red 
sandstone, now considered as lower carboniferous, are very few in number, 
not more than half a dozen perhaps. It is probable that similar or related 
types may be recognized hereafter in the true coal measures. We want to 
know them, therefore, for eventual comparison. Moreover, they enter into 
the history of the coal flora as ancestors ; and in its records nothing should 
be omitted which may throw any light into the important question of 
the development of the primitive types, reappearing under modified 
characters. I quo‘e a single example as illustration. There is in the coal 
of Morris a species of Neuwropteris, with leaflets seemingly branching in an 
anomalous way, by the splitting of the rachis either at the base or in the 
middle of the leaflets. Thisspecies, described as Neuwropteris fasciculata, has 
been considered as a kind of monstrosity or a casual decomposition of the 
leaflets, as we see sometimes in the living flora. But the same character is 
seen already in Megalopteris, a species of the lowest coal measures ; thus we 
find it continued in that Neuropteris of Morris, and thereby have a proof 
of its persistence from the base to the middle of the carboniferous. 
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Let me now answer the questions which the above exposition may have 
suggested. What is the purpose of this work? What are the results 
already obtained from the researches? What may be expected of its com- 
pletion? A constantly more intimate acquaintance with the characters of 
the coal flora is the first and natural result of prolonged and extensive 
exp'orations. This will not say, however, that we shall have by this a 
full history of the vegetation of the coal. For, as it has been remarked in 
the beginning of this paper, the fossil vegetable remains of the coal are 
generally mere fragments, which, considered separately, do not show the 
characters of the whole plants to which they pertain. These can be 
recognized only by the comparison, sometimes of a large number of speci- 
mens ; and it may even be said that many of the species of the coal are 
without any scientific value, for the reason that they are defined by charac- 
ters which belong to mere fragments. And the deficiency of reliable 
specific characters apply not only to the coal plants themselves, but be- 
come more evident still in the attempts made to fix their relation to the 
plants of our time. 

The insufficiency of the evidence afforded to the student by those mere 
fragments of vegetables has been complained of by the most sagacious 
paleontologists, and has discouraged the most ardent followers of Paleo- 
botany. Lindley and Hutton bitterly lament it in their fossil flora of 
Great Britain, which, however incomplete it may be, has become a classic 
or leading work, and is now re-edited in its integrity. Hooker, the prince 
of the botanists of our age, while connected with the Geological Survey 
of England, makes, in his report, a comparison of the vegetation of the coal 
with that of our time, and devotes the largest part of it to exemplify by 
figures and descriptions how rarely fragments of ferns may represent the 
characters of the species to which they belong. He has, however, in the 
exposition of the structure of the St/gmaria and of Lep/dostrobdi, the fruits 
of Lepidodendron, anatomically studied from silicified specimens, thrown 
such light on the affinity of those plants, that his too short memoir is 
considered as the most important on the subject. Brongniart, also a prince 
among the botanists of his time, spent many years in exploring the 
coal measures of France and Belgium, in visiting all the museums where 
specimens of fossil vegetables were preserved, before he began, in 1828, 
the preparation of his great work on the fossil flora of the coal. Adding 
to his stock of materials by exchanges and by communications received 
from the scientific world at large, he pursued his labors until 1844, when he 
abandoned the work half done. His Flora is, however, even now the most 
reliable guide to the student of Paleobotany. Géppert, too, supposing that 
from the immense number of specimens of coal plants gathered into his 
splendid cabinet he should be able to tix a new classification of the ferns of 
the coal from the characters of their fructifications, began his Genera 
(Gattungen) in 1841, and abandoned it, discouraged, after six fascicules had 
been published. This work, however, incomplete as it is, has, by the 
exemplification of the structure of a number of forms of the fructifications 
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of ferns, directed researches toward this new field of exploration and 
opened a path which, by and by, enlarged by new discoveries, may afford 
a more reliable way for the determination of species of this family. S.vill 
more recently, Goldenberg attempted a detailed monography of the 
fossil plants of Saarbruck ( Flora Sarepontana), where he had found an 
abundance of valuable materials. Of it he published only three fascicules; 
but they represent a valuable monography of the Sigillaria, and this also 
is a gain to the fossil flora. 

What conclusions may be derived from this? Shall we say that the coal 
flora cannot be studied with advantage from a number of specimens ob- 
served at peculiar localities? Shall we admit that this flora cannot be 
studied at all, and that it should be left in its grand and sublime mystery ? 
The first assertion is right ; the second rests upon an objection, which may 
be made against every study, which tends to the interpretation of docu- 
ments whose writing is as yet imperfectly known. The hieroglyphs of 
the Pyramids are still more obscure, still farther from exposing a compre- 
hensive record of the history of the people who built them. Some have 
been deciphered, nevertheless, and a few pages of the writing have throwna 
deal of light upon that history and have been accepted by science asa mo- 
mentous revelation. The history of our earth is not a less important 
knowledge than that of the races of men who have inhabited it. And how 
can it be studied in all its bearings, if we do not take into consideration 
the physical laws which have governed its atmosphere from the begin- 
ning? The plants are the true recorders of atmospheric circumstances, 
and the fossil plants the documents, the hieroglyphs written and left in 
the strata of the earth for the interpretation of their laws. They have re- 
corded them as clearly as it is done by the instruments used now, the 
thermometers, the barometers, the hygrometers, etc. Shall we not open 
the great book and try to read at least some of its pages, though they may 
have become obscured by the walk of time? And as all animal life de- 
pends on plants, the concordance of the development of both the vegetable 
and animal worlds, should not be forgotten when we come to consider the 
advantages which may be derived from the study of the coal flora of 
America. For, of course, these advantages cannot be derivable in such 
plenitude from an acquaintance with the vegetation of a single country. 
What has been discovered in Europe, from paleontological evidence, has 
to be either confirmed, or perhaps, presented under a new light, by what 
may be found on this continent. 

The results ofthe researches on the remains of coal plants in this country, 
as far as they have now reached, may be already accounted creditable and 
valuable. They have proved the exis‘ence of land vegetation, as far down 
as the Upper Silurian period. They have settled the question of the exist- 
ence of a marine vegetation in the true coal measures, where fucoidal re- 
mains, some of them referable to old types, have been discovered in Pennsyl- 
vania and Indiana. They havealso posi ively established the fact of the exist- 
ence of Fungi or Mushrooms at the epoch ofthe coal. But by far the more in- 
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teresting data procured refer to the discovery in our carboniferous measures 
of species of plants which have been until now considered in Europe as char- 
acteristic of more recent formations, Thus we have in the sub-carboniferous, 
under the Chester limestone of Illinois, leaves referable to the genus Glos- 
sopteris, as described by Brongniart, and remarkably similar to those of his 
G. Nillsoniana. This genus, says Schimper, has no analogous in the present 
vegetation, and its existence appears limited to the first half of the Juras- 
sic period, This is remarkable indeed ; and it might be supposed that 
though the specimens of this species are very clearly defined in their char- 
acters, they may represent a different and new type with a mere casual 
likeness. But we have at Morris, from the first coal above the mill- 
stone grit, a fine leaf of Phlebopteris (Dictyophyllum), preserved in its in- 
tegrity, with its distinct characters, the peculiar nervation not remarked in 
any other genus. And this genus is also Liassic, for Europe at least. Beside 
this, the coal of Morris is related to the Permian of Europe by a numberof 
identical types, a fact remarked already by Schimper. The species of Spi- 
rangium, for example, are not rare in the nodules of Mazon creek. From the 
sub-carboniferous of Alabama and of Pennsylvania we have two species of 
Teniopteris, a genus also considered in Europe as limited to the Permian. 
This enumeration might be pursued farther ; but the peculiarities of distri- 
bution will be better understood when accompanied by the description of 
species, and by the notes upon their relationships. 

From the remarks made already it is easily understood that the docu- 
ments concerning the geographical distribution of the species of the coal 
flora have been carefully searched for and recorded. They are already val- 
uable for comparing the characters of the vegetation, not only in the differ- 
ent basins in North America, but of Europe also. To elucidate this ques- 
tion as far as possible stations, fixed at distant localities, and where long 
and persistent explorations have been pursued, are especially valuable. 
With the station of Newport, Rhode Island ; that of Cannelton, Pennsylva- 
nia ; of Morris, Illinois ; of Clinton, Missouri ; of Pomeroy, Ohio; of two 
localities in the coal mines of Alabama, we may expect to find by compari- 
son of the floras reliable documents in regard to the question of the hori- 
zoutal or geographical distribution of the species. 


The last and more important question refers to the stratigraphical distri- 
bution of the coal plants; and to it belongs, as a postulate, that of the possi- 
bility of determining the relative horizons of the coal beds from the vege- 
table fossil remains possibly discovered in connection with them. This 
question has been for a long time, and is still, at issue among European 
paleontologists, who are generally inclined to admit that there is or 
should be a marked diversity in the floras of coal strata of different ages or of 
different horizons. Imbued with this persuasion I began researches in 
Pennsylvania with the idea that in a fair and open field like that of our car- 
boniferous measures, which are exposed to exploration, sometimes for great 
thicknesses of stra‘a, and besides, over very wide areas, a problem of this 
kind should be easily solved. My belief in tbe applicability of paleontology 
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to the identification of the coal beds was confirmed by the opinion of 
the miners, who, when questioned on the subject, generally asserted 
that it was for them an easy matter to tell one coal from another by 
comparing the roof shales, and their remains of plants. My first attempt to 
a determination of this kind, in connection with the first Geological Survey 
of Pennsylvania, was, as observed by Professor Lesley, a marked failure. 
For I considered the Salem vein of Port Carbon as the equivalent of the 
Mammoth, while these represent the two extremes of the Anthracite meas- 
‘sures, one at the base, the other in the upper part. But paleontology is not 
accountable fur a personal blunder, which, moreover, was forced upon me 
by peculiar circumstances which, if they do not make it excusable, 
at least explain it. I had found, back of the hill facing Port Carbon, 
just after passing the cut of the railroad entering Mill creek, large heaps of 
shale extremely rich in fossils, and had there made a prolonged search for 
the study of a well determined local flora, when I was informed by a miner 
that I should find opposite, and at the foot of Sharp Mountain, the same kind 
of shale with abundant specimens of the same plants. There, indeed, 
I found Pecopteris arborescens, an essentially characteristic species of the 
upper coal, with Newropteris Loschii, and other species seen at the first lo- 
cality ; but with them were remains of Lepidodendron, of species of Sig 

illaria and of Alepthopteris, which I had formerly recognized above St. 
Clair, in connec:ion with the Mammoth vein. This seemed so extraordi- 
nary that I visited the same places many times on the supposition that I 
had been mistaken by false appearances in the characters of the plants ; but 
the same evidence was always there; and I came to the conclu- 
sion that from all appearances, that coal of Port Carbon was the equiva- 
lent of the Mammoth, though differently placed by Professor Rugers. For 
all the coal beds along the valley of Mill creek are turned up vertically, and 
therefore, their relative position was at that time unascertained. It was only 
after years, that in my rambles around Pottsville, on revisiting again the 
heap of shales of Sharp Mountain, I was informed by the Superintendent of 
a coal mine whom I met in the vicinity, that these debris were from a tunnel 
pierced through a number of small veins including the upper ones, to reach 
the bottom vein, the Mammoth, which was found there too thin to be 
worked and had been abandoned. Therefore the remains of plants of a 
number of coal beds of different horizons were there mixed together. I 
do not say this in order to support an opinion which, in regard, at least, 
to the application of vegetable paleontology to the identification of coal 
strata, has been, by long experience, if not altered, at least reduced in the 
main. For I know well, now, how rarely remains of fossil plants are 
found in the same degree of profusion in connection with coal beds of the 
same horizon ; how rarely, when these remains are found, they represent 
the same species, or, at least, have them in the same proportional dis‘ ribu- 
tion ; and how careful and protracted the study of the flora of the same coal 
has to be before it is possible to know the peculiar species which may be- 
long exclusively to it, or be considered as the leading ones. For this 
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knowledge includes, with the acquaintance of the greatest number of species 
recognized at a peculiar locality, that of their mode of dispersion over wide 
areas, or of the changes caused locally by the geographical distribution 
of the species. When the coal beds are, therefore, at great distances, it is 
not possible to léave off the idea that the modifications in the characters of 
the plants, if differences are observed, may have been caused as well by 
local synchronous influences as by a difference in the time of their forma- 
tion or in theirage. Nevertheless, I still believe that in basins of limited 
areas or for beds of coal of one and the same locality, the remains of plants 
in the roof shale may serve to identify the different s rata, and may thus 
be used as a direction by the miners. But even in such cases the paleonto- 
logical indications may fail or lead to mistakes; for the changes in the 
constituents of the roof shales are often sudden and remarkably varied. The 
Cook vein of Wes‘ern Kentucky, for instance, has in its shale a profusion 
of remains of Lepidodendron and Lepidostrobi on one side of the main 
gangway, while on the other it is transformed into a kind of compact bone 
or cannel coal with no other fossils but small shells. 

When the subject of the vertical distribution of the vegetation of the 
coal is considered a priori, it seems rational to admit that the same vege- 
table types cannot have been persistent for such a period of time as was 
necessary not only for the growth and accumulation of the plants which 
have entered into the composition of a coal bed from six to ten feet thick, 
or more, but for the heaping of (he intercallated strata, sandstone, limestone, 
shale, ete., which sometimes measure hundreds of feet in thickness. The 
study of the floras of our time does not afford us any data in regard to the 
duration of vegetable types. The human races are still too young, or at 
least the records of the present vegetation do not yet reach far enough to 
afford evidence of the modification of any species of plants. We have, 
however, positive facts in the more recent geological times which prove a 
remarkable degree of persistence in the characters of a flora for a distance 
of time, as indicated by interstratified formations, still longer than it may 
be supposed necessary for the production of two coal beds, and hundreds 
of feet of shale, sandstone, etc. between them. In the Tertiary of the 
Rocky Mountains, strata bearing plants in connection with lignites have 
been found at Point of Rocks, Wyoming Territory, and a number of 
identical species, indeed, a flora bearing the same general characters, is 
exposed, also with lignite beds, at Black Butte, though the two localities 
are separated by three to four thousand feet of measures, shale, sandstone, 
lignite beds, etc. If these lignite floras had been considered separately 
and without evidence of the distribution of the intervening measures, they 
would have been admitted as evidently synchronous, or as representing 
the same horizon. Hence the long persistence of vegetable types is a fact 
which has to be recognized by palevntologists although it may be contra- 
dictory to theoretical considerations. 

The modifications in the characters of the plants are recognized, how- 
ever, in the flora of the Carboniferous; but they have been slow, tran- 
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sitional, and affecting essentially the general features of periods. They give 
to separate groups a peculiar character, which may serve to separate them. 
In a lot of plants sent by Prof. Eug. Smith from Alabama, for example, 
[ found such a dissimilarity of typical forms from those of the coal meas- 
ures of the north, and also such an affinity with those of the Arkansas sub- 
carboniferous flora, that this relation forcibly referred both to the same 
period. 

The distinctive characters of the groups of the Carboniferous can be only 
briefly exposed now; but they are to be more positively fixed in the Flora by 
separate tables indicating all the species of plants which have been recog 
nized in each of them. This will prove an interesting representation of 
the distribution of the vegetation of the coal, not merely by the number of 
species, but especially as a kind of scale marking the progress in the modi- 
fication either by disappearance of some types, or by their reproduction 
under different characters. 

The groups as recognized until now are the Catskiil, or old red; the 
Pseudo-carboniferous ; the Sub-carboniferous, or Vespertine, limited up- 
wards by the millstone grit ; the Lower Carboniferous, up to the Pittsburgh 
coal ; and the Upper Carboniferous, above it. 


A few species of small Lycopodiaceous plants of the genus Psilophyion 
(Daws), appear first in the upper Silurian, and continue, by modifications of 
size especially in the Devonian, where four species are recognized. I con- 
sider this genus as representing the only Devonian type which does not 
pass up into the Carboniferous. There may be some others, however, as 
indicated by fossil wood : Dadozylon, Syringozylon, Prototazites, etc. But 
the anatomy of the fossil wood of the whole Carboniferous is not yet ad- 
vanced enough to allow conclusions on the characters of the vegetation 
represented by fossil trunks. Prof. Dawson is still pursuing with an in- 
dustrious energy his researches on this difficult subject, which, to my re- 
gret, has remained inaccessible to me for want of materials. For except 
the fossil wood of the Black Devonian shale of Ohio, no specimen of 
silicified vegetable organism has been discovered in coal measures of the 
United States, except the numerous stems of fern trees of Southern Ohio. 
These might give materials enough for the work and studious applica 
tion of a whole life. 

The more notable characteristic type of the Catskill group is that of the 
ferns described first under the generic name of Neggerathia, and more re- 
cently of Paleopteris and Archeopteris. The species are represented by 
large fronds ; those of the older type with simple leaflets more or less en- 
larged upwards from a narrowly cuneate, somewhat decurring base, whose 
veins are straight and diverging, fan-like, merely by sub-divisions. The 
forms of the leaflets are very variable; some appear nearly linear and 
merely thinly lined with parallel veins. These, however, pass to the genus 
Cordaites, which is present in the whole flora of the coal measures. The 
modifications of Psilophytum are possibly represented in the Catskill by a 
few species of Lepidodendron. Calamites, Annularia and Asterophyl- 
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lites have there, also, some rare representatives. In the Pseudo-carbonifer- 
ous, characterized as it is now by the species published by Prof. Andrews, 
from the Waverly Sandstone of Ohio, and those determinable from the 
specimens from Port Byron, [ll., the Paleopteris continues to be present. 
But some of the species have lobed or decomposed leaflets, tending 
by these characters to a section of the Sphenopteris, which comes later. 
The predominant forms are those of Megalopteris, a splendid fern whose ad- 
vent is not prefigured in the flora of the Catskill by any species known until 
now. But in its large leaflets and its nervation, it evidently betokens 
the great family of the Neuropteridea to which belong the most beautiful 
and varied forms of the coal plants. The same rock group has rare species of 
Alethopteris, also with very large fronds and leaflets, Hymenophyllites, and 
broadly winged fruits of the genus Cardiocarpon. One species of Puleop- 
teris, similar to P. obtusa, is remarked in this division as well asin the 
Catskill group. And on another side it has some species of Lepidodendron, 
Lepidophloios, a small Asterophyllites, etc., which continue higher up, and 
enter the sub-carboniferous measures. We have as yet too little data 
in regard to the flora of the Catskill, and that of the Pseudo-car- 
boniferous to be able to positively recognize the points of affini- 
ties and of difference. Most of the species have been described from 
Canada and Maine, and their age generally ascribed to the Devonian, or 
marked under the indefinite appellation of pre-carboniterous. The flora of 
the sub-carboniferous division is, per contra, known by a large number of its 
species. It is allied to the pseudo-carboniferous by those which are named 
above ; by species of Sphenopteris, Triphyllopteris, Eremopteris, and espe- 
cially of Alethopteris, of analogous types. It has for its own predominant 
characters some Neuropteris, with large fronds and small leaflets as NV. 
Smithii, which though extremely abundant in Alabama and Virginia, has 
not as yet been discovered in the coal measures above the Millstone grit ; 
Neuropteris tenuifolia, which persists even to the highest strata of 
the coal, is there also. Professor Fontaine has seen in the Vespertine of 
Virginia species of Odontopteris, a genus predicted by the fine Hremopteris 
marginata of the pseudo-carboniferous. This one partakes of the Odontop 
teris type, quite as much as of the Hremopteris character, recalling also 
something of the facies of Megalopteris, which has not been seen in the sub- 
carboniferous until now. In this last division, the number of species is, as 
stated, greatly multiplied, and it becomes now difficult to positively mark 
those which are limited to it. The Lepidodendron, especially, are extremely 
abundant. The old types L. Sternbergii, L. Veltheimianum, L. aculeatum, 
etc., appear mixed with more recent ones, and with others which seem 
peculiar to this division : as L. sguamiferum from the Helena vein of Ala- 
ama, which bears upon its bark true scales, easily detached, and at the 
same time, the scars of leaves generally remarked upon the trunks and 
branches of Lepidodendron. The collateral genera are represented also: U7- 
odendron, Halonia, Lepidophloios, Knorria ; Stigmaria is there in abund- 
ince, though remains of Sizillaria are as yet extremely rare. Among the 
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species which have been considered in Europe as characteristic of the Moun- 
tain Limestone of the culm, we have in the sub-carboniferous of Alabama and 
Virginia Alethopteris nervosa, A. muricata, and Sphenopteris Haeninghausti, 
this as common in the shale of the Helena coal as Neuropteris Smithit. 
These three species, however, ascend in the American coal measures to 
above the Millstone grit, which, though a kind of geological delimitation, 
as well traced here as in Europe, is not a very definite line of demarcation 
between the vegetable groups. For, with few exceptions, the lower carbon 

iferous flora has still the types of the sub-carboniferous, merely modified, 
and represented by an increased or diminished number of species. The ly- 
copodiaceous are still more abundant ; and we have, especially in the lower 
veins, immediately above the Millstone grit, the largest number of species 
of Lepidodendron and Ulodendron. Stigmaria and Sigillaria have gained 
in predominance; and in the ferns, new species of Neuropterida, especially 
some large-leaved Neuropteris and Odontopteris, are seen for the first time. 
The wide-ranged Alethopteris Serlii, and its analogous species A. lonch. 
ttica, are there also; the first already seen in the sub-carboniferous, 
the second a derivation of A. Helena, of the same lower division. A. 
Pennsylwanica and A. Sullivantii, may be counted too in the first coal 
above the conglomerate, as prefiguring in their more important characters 
those of the Caliipteris, which comes later in order of time. For one species 
of this last genus only is known in the lower carboniferous, and another 
from the Cannelton coal, already somewhat high up in the measures. As the 
largest number of the species of plants of the coal have been obtained from 
the lower carboniferous, it would be possible to continue the enumeration 
of the species which are considered as proper to it or as characteristic. But 
subsequent researches may greatly reduce the number; for as yet few strata 
bearing remains of plants have been discovered in the upper carboniferous. 
This division may be limited from the base or from the top of the barren 
measures underlying the Pittsburgh coal; for indeed we know as yet noth- 
ing of the flora of these barren strata. In ascending from the Millstone grit, 
after passing the two first coal beds above it, the vegetation is rapidly modi- 
fied in its characters by the gradual disappearance of the Lycopodiaceous 
types, and the increasing predominance ofthe ferns. The species of Sigil 

laria continue in about the same proportion ; Annularia, Sphenophyllum, 
Asterophyliites, become more abundant. And while some of the generic di 

visions of the ferns, like Alethopteris and the large-leaved Pecopteris, seem 
to pass away; the group of the Cyathea, represented by Pecopteris arbores- 
cens, P. oreopteridia, P. polymorpha, etc., become the more numerous, 
and especially characterize the upper carboniferous. They mostly belong 
to tree ferns, which, besides the extreme abundance of their pinne in the 
highest veins of Pennsylvania, have left, petrified in the sandstone of Ohio 
and Virginia a prodigious quantity of trunks representing whole forests. 
With these there isno trace of Lepidodendron ; some Sigillaria are left. 
The vegetable world was at that period a world of ferns, mixed with the 
Corduaites, a race of as yet undetermined relation, it seems, half-lycopodia- 
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ceous, half conifers. These plants are mostly known by their long linear, 
ribbon-like leaves ; their stems have been very rarely found. Some large, 
bushy species of Newropteris have persisted. N. hirsuta and N. Loschii as- 
cend frem the Millstone grit to the Permian. And above the Pittsburgh 
coal or even in connection with it are found the Callipteris: Callipteris 
Moorii, and Callipteris conferta, this last species one considered in Europe 
as Permian, and found by the Virginian geologists, Fontaine and White, in 
the highest strata of the carboniferous. We have seen, however, that many 
other so-called Permian types are remarked in the American coal measures 
already from below the millstone grit ; and therefore, it is not as yet advis- 
able to consider as Permian those upper strata which, beside this Callip- 
teris, have a number of representations of truly carboniferous species. 

It remains only to state how far the work on the American coal flora 
has progressed towards its completion. The plates, sixty in number, are 
all ready. The number might be still further increased by several species 
which cannot be clearly represented by descriptions only ; but wood cuts 
may be used for the purpose, if it is advisable and possible to have any 
intercallated into the text. The description of the species and the remarks 
upon their diversified characters, as seen in the comparison of the speci- 
mens, have been all written, and, therefore, the manuscript may be 
definitely prepared in a short time. It is, however, not yet in its final 
shape, as the records have to be left open for the admission of any valuable 
data which the continued communications of materials may bring to the 
Flora. 

This synopsis is very incomplete, but it cannot be made comprehensible 
without the tables of distribution, even if a large number of species were 
enumerated. Morcover the limitation of the vegetable groups is not yet 
definite enough. New and indeed very desirable discoveries, especially 
of plants of the Lower Carboniferous, the Vespertine of Pennsylvania, and 
the Devonian Hamilton Coal Measures of the Juniata, may compel impor- 
tant modifications. Therefore, the divisions as marked above, as well as 
their names, should be considered only temporary. They are subject, of 
course, to geological evidence which ought to govern them. The final 
nomenclature of the groups of the ‘‘Coal Flora’’ must accord with that 
of the Second Geological Survey of Pennsylvania. 
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Tabular Synopsis of the Rhynchophora of America. 


(See Minutes of January 5, 1877.) 


Dr. Le Conte presented a tabular statement of the number of species of 
Rhynchophora, contained in the XV. volume of the Proceedings of the 
Society, and their geographical distribution in the different zoological prov- 
inces of temperate North America. He mentioned the instances in which 
the occurrence of similar extraordinary forms in geographical regions very 
remote from each other corresponded with what he had previously shown 
in the other higher types of Coleoptera, and again expressed the opinion 
that the isolated and feebly represented, though sometimes widely distrib- 
uted forms in insects were representative survivals of the faune of former 
geologic periods ; and proceeded : 

It is useless to oppose this view by the statement that these composite, 
synthetic, prophetic or undifferentiated types have not yet been found in 
the strata, for every well-informed entomologist will remember that excey t 
in Tertiary strata but few localities have presented specimens sufficiently 
preserved to permit accurate study. Moreover the localities thus far 
explored are all in the temperate zone, where we may reasonably not ex- 
pect to find the predecessors of the larger and more conspicuous forms. 

In the older rocks the insect remains are so compressed, and the sutures 
of the most important elements of the external skeleton so obliterated, 
that but little knowledge can be had except from the venation of the broad 
winged orders. In this respect there is, as I can state from information 
furnished me by Dr. Hagen, a striking correspondence between some of 
the Carboniferous lace-winged insects and our own existent Pteronarcys. 

But in fact. Pteronarcys, being peculiar, among all genera of similar form 
and appearance, by possessing in the adult distinct remnants of the larval 
branchie on the anterior segments of the abdomen, would necessarily, by 
my method of interpreting structures, be regarded as a survival of an 
ancient form, even if no Miamia wing had been found in the coal 
quarries. 

A better appreciation of the characters of resemblance, which ally the 
more important groups represented at present in the various classes of ani- 
mals, as contrasted with the differences between them and their analogues 
of former periods, the remains of which are found in the rocks, and which 
are occasionally represented by survivals of insignificant size or restricted 
area, will enable entomologis‘s to take broader views of the capabilities of 
the branch of science which they cultivate; but in which too often their 
attention is directed to squabbles about nomenclature, orthographic or 
historical, and to the simple enlargement of our knowledge by the descrip- 
tion of generic and specific forms. 
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Tabular Synopsis and Geographical D/stribution of Families, Subfamilies, 
north of Mexico, by J. L. Le Conte, assisted by George H. Horn, and 


XV, No. 9%. (See Minutes of January 5, 1877.) 


NAME. ‘ s NUMBER. i 


GENERA, SPECIES. 


FAMILY. 
SUBFAMILY. F . 
TRIBE. Descr,, New. Total.'| Descr. New. |Total. 


. RHINOMACERIDA. | | 4 
. RHYNCHITIDA............ 
i. Rhynchitide 
ii. Pierocolide 
ATTELABID 
« BYRSOPIDR ......ccccees 
. OTIORHYNCHID 
. Brachyderini.. .. 
. Ophryastini..... 
. Otiorhynchini. . | 
. Dirotognathini. . | 
. Tanymecini 
. Cyphini 
. Evotini 
. Phyllobiini 
9. Promecopini.... 
VI. CurcuLIONIDz 
i. Sitonide 
ii. Alophide 
iii. Ithyceridw. ......... | 
iv. Curculionide 
. Phytonomini... .| 
2. Emphyastini. ... 
8. Hylobiini 
. Cleonini 


. Trachodini 

. Otidocephalini . .| 
. Magdalini 

. Anthonomini... . 
. Prionomerini... . 
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Tribes, Genera, and Species, mentioned in the Rhynchophora of America, 
published in the Proceedings of the American Philosophical Society, Vot. 





~ DISTRIBUTION. Pe | Common co Ornan 
pel a ioe, | ‘ a CONTINENT. 


GENERA. 
Atlantic.| Central. | Pacific. ||Atlantic.| Central. Pacific. | Genera, 
! 


Species. 


eeeneenent {|—-———- ao ctu ee § - 


fe 
1 | | 2 3 | 1 0 
| 
12 
1 
4 
1? 


3* 


i 
| 
i 
| 
| 
| 
| 
| 
j 


| 
| 1 


| 
| 
| 
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NUMBER. 


GENERA. 


SPECIES. 


FAMILY. 
SUBFAMILY. oe y > 
TRIBE. | Deser. | New. Total. 


A —- 
|| Deser.) New. Total. 


11. Tychiini........| 2 | 6 Nl | 15 
12. Cionini 4 | 3; 1 
13. Derelomini 
14. Lemosaccini... | 
15. Cryptorhynchini 


16. Zygopini 
17. Tachygonini 
18. Ceutorhynchini.. | 
19. | 
20. Hormopini 
v. Balaninide 
VII. Brentuipeaz 
i. Brenthide 
1. Arrhenodini.... 
2. Brenthini 
ii. Cyladidee 
VIII. CaALANDRIDA 
i. Calandridee 
1. Rhynchophorini | 
2. Sphenophorini. .| 
8. Calandrini 
ii. Rhinide 
iii. Cossonidee 
1. Dryophthorini . .| 
2. Cossonini 
8. Rhyncolini 
IX. ScotyTipa# 
i. Platypodide 
ii. Scolytidee 
1. Tomicini. ...... 
2. Scolytini 
8. Hylurgini 
X. ANTHRIBID2.......... : 
1. Tropiderini. .... 
2. Basitropini. ..../ 








4. Xenorchestini . .| 
XI. APIoNnIDa 


| 161 | 109 | 270 |! 517 





Atlantic. | Certral, 


1 





163 98 


PROC, AMER. 


sais lapel 
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DISTRIBUTION, | - 


| |\COMMON TO OTHER 
SPECIES. CONTINENT, 
Pacific. | Atlantic. Cen‘tral. Pacific. 


Genera, | Species, 


sdapielipagemat> | eraniajpne 
3 10 | 1 5 2 0 
4 | 4 3 


3 
1 
65 


| 
| 
| 
| 








| | 194 
PHILOS. soc. xvI. 99. 3A 
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Remarks : 

I. This family consists of but one genus ; one species is found in Europe ; 
all others known occur in our fauna, 

II, i. Rhynchites is cosmopolitan ; Auletes occurs in Europe, and Eug- 
namptus in Asia. The latter is the most feebly developed of the family, 
and resembles in its distribution, Othnius and Iscbalia of the Heteromera, 
and tribe Tachygonini (VI, iv, 17), mentioned below. 

II, ii. Pterocolus is an isolated form, having at present no relationships 
with other genera, though a feeble resemblance in form to the Ceutorhyn- 
chini (VI, iv, 18). If my method of interpretation be correct, there were 
older genera, by which Pterocolus and Tachygonus were affiliated. 

III. Attelabus is cosmopolitan, and seems to be the highest development 
in the series Haplogastra. 

IV. The Byrsopide are represented in all zoélogical regions, except Aus- 
tralia ; but our genus, Thecesternus, represents an isolated group. From 
the great differences between individuals, which seem to have unstable 
specific characters, I am disposed to regard this group as an ancient sur- 
vival, in the process of evoluting into something else. The variations in 
the length of the humeral processes of the elytra, and in the sculpture are 
scarcely explicable, unless we suppose that species formerly distinct are 
hybridizing. That an ancient type should suddenly effloresce in modern 
times to produce many species is hardly conceivable, and we should, there- 
fore, be willing to admit, that in this instance the phenomenon is one of 
absorption, or integration rather than differentiation. 

V, 1. Barynotus Schonherri occurs in Northern Europe, and is subarctic, 
and therefore quite capable of being found on both continents. 

V, 3. Two species of Otiorhynchus are arctic, and common to both con- 
tinents ; three have been introduced with fruit trees. Mylacus occurs in 
Europe and Asia, and on our Pacific Coast; Trachyphleus in Europe, 
Asia, and in Eastern America. 

V, 5. Tanymecus is supposed to be cosmopolitan, but has not yet been 
properly studied. Of the other genera in our fauna, Pandeleteins and 
Pachnieus extend to the Northern Tropics of America, and Hadromerus 
even to Brazil. 

V, 6. Cyphus is largely represented in Tropical America, and is conjec- 
tured to occur in Asia (C. chrysis, Fabr). The other genera, so far as 
known, are North American, or extend only into the Northern Tropics. 

V, 7. The only described genus of this tribe is Lachnopus, which extends 
from the Northern Tropics into our fauna. The other genera in our fauna 
are new, and their distribution is not yet known. 

V, 8. One species of Phyllobius has been introduced from Europe into 
Canada. Scythropus occurs on both sides of the continent, in Europe, and 
also in Northern Africa. 

V, 9. This tribe seems to be exclusively American, and one genus, Coleo- 
cerus, extends to the Southern Temperate Zone. 

VI, i. Sitones is' confined to the northern hemisphere ; of the eight spe- 
cies in our fauna, five occur in Europe, and of these, but one, S. tibialis, 
can be supposed to have been introduced. 
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VI, ii. This sub-family is confined to the temperate and subarctic regions 
of the northern hemisphere ; the genera are all different from those recog- 
nized on the other continent, though it is quite possible that some of them 
may be represented in Northern Asia. 

VL, iii. Ithycerus is an entirely isolated form, having no relations to 
other genera, so far as known to me. 

VI, iv, 1. One species of Phytonomus and two of Lepyrus are common 
to the subarctic regions of both continents. Listronotus and Macrops prob- 
ably extend into tropical America, but a renewed study of the old genus 
Listroderes must be made before this can be definitely stated. 

VI, iv, 2. This peculiar maritime fossorial tribe is represented by a dif- 
ferent genus in Australia. 

VI, iv, 3. Plinthus, Hylobius, and Pissodes, are confined to the northern 
hemisphere, but may be represented (teste Schénherr) in Brazil and Aus-. 
tralia. Hilipus is largely represented in South America, but not on the 
other continent, unless H. orientalis Motsch, from Japan, should on proper 
examination prove to belong to the genus. 

VI, iv, 4. The genera in this tribe are very indefinite, and the foreign 
species still require revision to bring out the facts in geographical distribu- 
tion. Lixus, Cleonus, and Stephanocleonus, are the only examples I can 
mention at present of genera common to both continents. 

VI, iv,5. Procas picipes. two species of Grypidius and Tanysphyrus 
lemne, are common to the northern part of both continents, and have not 
been introduced. The only genus which extends to Tropical America is 
Phyllotrox. 

VI, iv, 6. Trachodes is subarctic, and occurs on both continents. 

VI, iv, 7. Otidocephalus is peculiar to North and South America. 

VI, iv, 8. Magdalis is cosmopolitan, but most largely represented in 
Europe and North America. 

VI. iv, 9 Anthonomus is cosmopolitan, or nearly so. Orchestes is con- 
fined to the northern hemisphere. The other genera in our fauna are new, 
and their distribution is consequently unknown. 

VI, iv, 10. This tribe seems to be exclusively American, but both genera 
extend into the southern tropics. 

VI, iv, 11. The tribe Tychiini has not been separated from Erirhinini 
sufficiently accurately to make any observations of value at present. 

VI, iv, 12. I do not know if the species common to Europe and America 
have been introduced or not. The tribe, by the diminished number of 
joints in the funicle of the antennz indicates a low grade, and the genera 
are widely diffused on the eastern continent, but do not occur in South 
America or Australia. 

VI, iv, 13. This small tribe is represented on both continents; the spe- 
cies have not been studied with sufficient care to indicate the distribution 
of the genera. 

VI, iv, 14. This tribe is American, and best represented in the tropics. 

VI, iv, 15. With the exception of Acalles, Cryptorhynchus, and Celo- 
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sternus, which are supposed to be cosmopolitan, our genera are not found 
on the other continent. Those which have been previously described, 
mostly extend to the southern tropics of America, and of the eight new 
genera, nothing can yet be said. Asa tribe the distribution is general. 

VI, iv, 16. Copturus abounds in tropical America, and is feebly repre- 
sented in tropical Asia. Piazurus is entirely American. As a tribe the 
distribution is general. 

VI, iv, 17. Tachygonus is exclusively American ; one species is Brazil- 
ian. The only representative in foreign parts is Dinorhopala Pascoe, in 
Burmah. 

VI, iv, 18. With closer comparison the number of species common to 
Europe and the United States may probably be increased. There is but 
one, Ceutorhynchus rapa, which may have been introduced. 

VI, iv, 19. Until a new study has been made of Baris, Centrinus, and 
allied genera, any remarks upon geographical distribution would be pre- 
mature. 

VI, v. Balaninus, as recorded in the Munich Catalogue is cosmopolitan ; 
a better study of the foreign species is necessary, in order to know if they 
possess the essential character of the subfamily ; the vertical movement 
of the mandibles. 

VII, i. Our two genera extend into tropical America. 

VII, ii. Cylas formicarius has probably been imported from Asia, though 
Convoloulus batata, upon which it depredates, is considered an American 
plant. 

VIII, i, 1. Rhynchophorus is cosmopolitan, but confined to tropical and 
subtropical regions, being parasitic upon palm trees. Sphenophorus is 
cosmopolitan. Calandra has deen distributed in cereals until it is now 
difficult to determine whence the species have emigrated. 

VIII, iii, 1. Dryophthorus seems to be cosmopolitan, the other genera are 
local, so far as known at present. 

VIII, iii, 2. Cossonus and Mesites are common to both continents ; Cau- 
lophilus is found in Madera, and Himatium in India. Stenomimus occurs 
in Brazil, and Homaloxenus in San Domingo. 

VIII, iii, 3. Stenoscelis is almost cosmopolitan; Rhyncolus is found 
throughout the northern hemisphere, and in Brazil; Phleophagus, Amau- 
rorhinus, and Hexarthrum in the Atlantic Island and Europe ; the last 
named also occurs in Japan. 

IX, i. Platypus is cosmopolitan. 

IX, ii, 1. Pityophthorus, Xyloterus, Xyleborus, Dryoceetes, Cryphalus, 
and Tomicus, are common to both continents. 

IX, ii, 2. Scolytus is widely diffused on both continents. 

X, 1. Tropideres is the only genus occurring on the other continent. 

X, 2. Anthribus and Brachytarsus are represented in Europe. 

X, 3. Choragus also occurs in Europe. Areocerus-is cosmopolitan, and 
distributed in articles of commerce. 

X, 4. Xenorchestes has been found only in Madeira. 

XI. Apion is cosmopolitan. 
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On Refraction Tables. 


By A. K. Mansrie.tp, Corpova, S. A. 


~ 


(Read before the American Philosophical Society, January 5, 1877.) 


The operation of computing the difference between the true and the ap- 
parent zenith distances of stars, is usually performed by means of Bessel’s 
refraction tables, which are calculated from his formula, namely : 


R= d tant (BT)4,A - 


This operation is usually logarithmic, and the refraction tables are there- 
fore tables of logarithms. The computation may, however, be very much 
simplified, by the use of natural numbers in place of their logarithms, as 
will appear from the following : 


In the above formula substitute R for d tanz, and p for (BT)AA, The 


formula then becomes 
R= RB, pe veevenes 


in which R, may be called the mean refraction, and » is a factor depending 
almost entirely on the temperature and pressure of the atmosphere. For 
genera! purposes two tables may be made, one of mean refractions (R,), 
being the natural numbers corresponding to the table ‘‘d tans ’’ of Bessel. 
and the other of corrections to the mean refraction, But since these correc- 
tions would be sometimes additive and sometimes subtractive, the latter 
table would be reduced to a smaller compass, if each observatory or place 
where the tables are adopted were to adapt them to the true mean refraction 
of that place. This may be done as follows: 

Let p, be that value of p, which substituted in equation (1), would give 
true mean refraction for any particular place: and let R, be that mean 
refraction. Then 


R, is given by its log. in Bessel’s first table ‘‘ log. d tan™,’’ and a round 
value for log p,, near the above mentioned mean, may be chosen. From 
this formula a new table of mean refractions in natural numbers can easily 
be made. 
Let 7 be the correction to be applied to this mean refraction. Then 
r= R—R,= R, (p — p,) 
from which the table of corrections may be calculated. 


*See Peter’s “Astronomische Tafeln und Formeln,” 
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In making the table, comparatively few values need be computed, for, 
having these few values, the others may be supplied by interpolation. The 
following is a small portion of a table of these corrections, in what appears 
to be its most convenient form. It was computed from Bessel’s tables, as 
given by Peter’s. 


log: p —0.01 1300 | 1400 | 1500| &c. 


Mean R. 
15° 15.12 0.10 | 0.14) 0.17 


16 16.18 | 0.08 | 0.11 0.15) 0.19 | 
17 17.25 0.04 0.08} 0.12 0.16) 0.20) 
18 18.38 0.04 0.09} 0.18 0.17) 0.21 | 


19 19.48 0.04 0.09} 0.13 | 0.18 0.22) 


20 20.54 0.05 | 0.10] 0.14) 0.19 | 0.24) 
21 21.66 | 0.05 | 0.10} 0.15 | 0.20} 0.25 
920 22.80 | 0.05) 0.11] 0.16 | 0.21} 0.26 


log. p —0.01000 | .00900, 0801} 0702 | 0604 | 0505 | &e. 


Apparent zenith distance is here used as argument at the side. It may 
be replaced, however, by the corresponding declination, or the circle read- 
ing. Log. p is used as argument at the top, and —0.01000 is the assumed 
value of log. p,. When log. » = log. p, the correction is zero, therefore we 
have written the table of mean refractions in that column, thus combining 
both tables in one. This may be done when the arguments at the side are 
not chosen so far apart as to make the second differences of the mean re- 
fraction too great. In computing the tables from the above formule, the 
arithmetical complement of log. p must be used, when that log. as found 
from Bessel’s tables, is negative. When log. » occurs in the line at the 
top of the table, the correction is negative, when in the line at the bottom, 
it is positive. To find the values of log. p for the lower line, corresponding 
to those of the upper line, call the natural number corresponding to any 
particular value in the upper line ,, and its corresponding value for the 
lower line », Then from formula (3), since r is minus in one case and 
plus in the other, 


a + Po =>p— Po 


Before entering the table of corrections, log. B, log. T, and log. y are taken 
as usual from Bessel’s tables, are then added, and their sum is the argument 
log. p, when the zenith distance is less than 45°. When the zenith dis- 
tance is 45° or more, a correction on account of the exponent is to be ap- 
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plied to the log., and when 77° or more, another correction must be applied 
on account of the exponent A. These corrections may be found as follows : 
Let log. pr = log. (BT) +. log. Yr then the entire correction 
r, = log. p —log. p, = log. y (A —1) + log. (BT) (A —1)....(5) 
in which the two terms of the last member are the first and second correc- 


tions respectively. The following will illustrate a method of tabulating 
these corrections : 


> 


: | 0.01000 | | 3000 4000 | 


60° 18 80° 40/ 
22 | 81 30 
23 «| «OBL «OBO 
25 82 10 
27 820 30/ 


62 
62 
64 

65° 


The argument at the top is either log. (BT7') or log. y, according to which 
correction is sought for. The side arguments are zenith distances, which 
may be replaced by declinations, &c. 

The first column is used when taking out the first correction, and the 
last column, when taking out the second correction. To find the values of 
the argument for the last column, enter Bessel’s table ‘‘A”’ with the 
value of J for any zenith distance of the first column, and against it will be 
found the corresponding zenith distance for the last column. The units 
place of the corrections, corresponds to the fifth place of log. », and when 
the logarithmic argument is negative, the correction is negative, and vice 
versa. : 

In place of the above table of corrections to mean refraction, a graphical 
table may be constructed, which has some advantages. Let a right-angle 
triangle A BC be drawn, containing lines parallel to the base, at equal 
distances apart. 


61 | 20 b's a 2 a 





These equal distances may represent seconds, or tenthsofasecond. The 
distance B OC is made equal to the maximum correction rm, or the correc- 
tion for the maximum zenith distance, and maximum value of log. p, which 
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occur in the table. Values of r are now computed for the different values 
of the argument log. ps but for the maximum zenith distance, and the 
results laid off on the line B C0, from the point B; and against the points 
thus found the arguments log p are written. Along the line AB are written 
the zenith distances. Equal increments of zeni.h distance are represented 
by unequal increments of the line AB, in order that the line AC, or line of 
maximum corrections, may be a straight line. Call the co-ordinates of any 
point of AC. d and r, and the distance AB, dm. Then 
d:dm=r:rm 

dm wii dm 
rm rm * (pP™—pp) 
from which the distances of the arguments from the point A may be deter- 
mined. The line AD represents the edge of a ruler, or a thread, stretched 
from a needle at the point A. If this line be turned about A, until it passes 
through that point BC, corresponding to the value of leg » for which the 
correction is sought, the correction will be the length of the perpendicular 
to AB, measured to its intersection with AD, at the point corresponding to 
the given zenith distance. 

This method has the advantage that the interpolations are made separ- 
ately, and will undoubtedly give good results, if the diagram is drawn 
carefully, and large enough. 


ord = 
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On the First Systematic Collection and Discussion of the Venango County 
Oil Wells of Western Pennsylvania. By E. S. Nettleton, C. E. Pre- 
pared for publication and communicated by John F. Carll, Assistant™ 
Geologist in charge of the Survey of the Oil Regions. 


(Read before the American Philosophical Society, January 19, 1877.) 


In the fall of 1868 the first systematic attempt was made to ascertain the 
direction and dip of the Oil Sands of the Venango region and the true re- 
lation which the oil producing rock of one district bears to that of another. 

This was during the great Pleasantville oil excitement, when, probably 
for the first time, the attention of a large class of operators was called to the 
fact that there was a marked difference between the oil and oil sand of 
Pleasantville and surrounding districts, and the oil and oil sand of Oil 
Creek. 

Previous to that time very few levels had been taken, and those only 
locally from well to well on the same farm, or within the bounds of one pro- 
ducing centre ; but some of the detached districts had been fortuitously con- 
nected by lines of levels run for pipe lines from station to station, and by 
preliminary Railway surveys which crossed the country in almost every 
direction. From these sources it was ascertained that the Pleasantville oil 
rock, although called the 4th sand, lay at a higher elevation than the 3d 
sand of Oil Creek. 

Some operators held the opinion that the oil rocks ran horizontally under 
the whole country, and that by drilling deeper at Pleasantville, the Oil 
Creek 3d sand would be found, and a much larger supply of oil obtained. 
Others contended that the rocks dipped towards Oil Creek and the Pleasant- 
ville wells had already reached the Oil Creek sand. They went still further, 
and pointing to the old failures in the Pleasantville district, averred that 
there was no oil in the rock when these wells were put down, but that 
the flooding of the oil sands under the valley of Oil Creek, by the abandon- 
ment years before of so many wells, had forced the oil from its original 
home there to these higher portions of the rock. 

Discussions on these points showed the necessity for more information on 
the subject; and while some chose to gain this information on their own ac- 
count, by sinking wells deeper at considerable expense to see what might be 
below, a few believed that something could be learned by a careful study 
of the wells already drilled, in connection with a series of surface levels 
extending over a large area, embracing in one system all the main oil- 
producing centres. 

As an outgrowth of this idea an informal meeting was held and a com- 
mittee appointed to plan and carry out the work necessary to be done. 
Mr. E. 8S. Nettleton, then residing in Pleasantville, consented to act as one 
of the committee, and to undertake the task of running the lines of levels 
and collecting the well records. A circular was issued to well owners, and 
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blanks were prepared for filling in the well records, of which the following 
are copies : 
Cireular A. Pleasantville Pa.....,.......--- 1868. 


Dear Sir:—A pressing need has long been felt by the more thoughtful 
operators in the Pennsylvania Oil Regions for a more thorough and accur- 
ate knowledge of the thickness, dip and general characteristics of the Oil- 
bearing Rock in this section. The drillings in different localities have es- 
tablished data sufficient for operations in those particular places, but no 
effort has been made to connect these together in one comprehensive whole, 
and very little is known as yet of the relative positions of the Oil-bearing 
Rocks in these several localities. In order that this want may be supplied 
a fund has been raised, a committee appointed to supervise the work, and 
the services of a competent Engineer secured. It is proposed to make an 
accurate topographical survey of Pleasantville, Enterprise, Bean Farm, Pit- 
hole, Shamburg, Bull Run, and Pioneer Oil Districts, and then by a com- 
parison of the records of a large number of the most prominent wells in 
said districts, to prepare and publish a report, which we think will contain 
facts and figures of great value to those engaged in the development of Oil 
Territory. In furtherance of this object the enclosed series of questions 
have been prepared which we hope you will be so kind as to fill out and 
return to us,—and any further information you may be able to give will be 
duly acknowledged. 

Signed 8. Q. Brown, George K. Anderson, J. H. Hebert, John F. Carll, 
E, 8. Nettleton, Committee. 

Address all letters to E. 8. Nettleton, Civil Engineer, Box 45, Pleasant- 
ville, Pa. 

Circular B. Pleasantville, Pa....... 


Dear Srr :—Please fill out the following blank and mail to E 
ton, Civil Engineer, Box 45, Pleasantville, Pa. 


Record of 

Located on.... 

Lease No Tested.... 

Distance from surface to top of First or ‘‘Mountain’’ Sand, No. of fi 
Thickness of the First Sand, = 
Distance from surface to top of Second Sand, 

Thickness of Second Sand, 

Distance from surface to top of Third Sand, 

Thickness of Third Sand, 

Distance from surface to top of Fourth Sand, 

Thickness of Fourth Sand, 

Distance from surface to top of Fifth Sand, 

Thickness of Fifth Sand, 

Distance from surface to Sixth Sand, 

Thickness of Sixth Sand, 

W hat is the entire depth of your well? 
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At what depth were the mud veins? No. of feet 
At what depth is the seed-bag? ” 
How faris the bottom of working chamber from the 
bottom of the well? 
Is your well cased? 
Quality of the Oil-bearing Rock, Pebble or Sand ? 
What color of oil is produced? 
Gravity of oil? 
What has been your best production per day ? 
How many engines would the best flow of gas run? 
What is the Engineer’s number of this well as marked on the 
Samson Post? oseece 
MN Sn watktasecack en ¥asbepOhbnende de cebavarnyersbs ocoteanretncee 


During the winter of 1868-9, the work was prosecuted with considerable 
interest and diligence, but like all other matters not directly personal, it 
soon began to be neglected by the committeemen who were all deeply en- 
gaged in their own affairs, and Mr. Nettleton was left to work out the 
problem as best he could, almost alone. 

Meantime the field widened. New developments at Scrubgrass and 
Parker’s Landing led off to the south, far beyond the limits proposed for 
our work. Mr. Nettleton had been attracted to the west, and connected 
himself with the Engineering Corps of Greeley Colony, which made it neces- 
sary for him to close up his affairs in the Oil Regions, preparatory to his 
removal. No one had any personal interest in continuing the investigation, 
and the work stopt just when it should have been carried forward, leaving 
the materials in hand in such an unfinished and incomplete condition that 
no report could be made which would be at all satisfactory to-those who 
had subscribed to the funds for the Survey. 

This was in the Spring of 1870. Mr. Nettleton before leaving Pleasant- 
ville, placed all the accumulated papers of the Survey in my hands, where 
they have remained to the present time. They were accompanied by the 
following brief report to the Committee, dated Pleasantville, April 1, 1870, 
and addressed to the Committee of the Topographical Survey : 

Gentlemen :—I herewith present to you the facts and papers relating to 
the Survey which I commenced over one year since. 

Levels have been carried to nearly all the important producing centres 
of the upper district, but I have not been able to connect Parker’s Landing 
with the survey in consequence of its distance from my nearest ‘‘ bench ”’ 
at Venango City. I expected to have obtained the elevations along the 
Allegheny Valley Railway from its Chief Engineer, but have been disap- 
pointed. 

Many difficulties have been encountered in getting information from 
well owners on whom I am entirely dependent for the data so essential to 
this work. Some are not willing and prompt in assisting in this way be 
cause they are under the impression that it is a private enterprise ; but the 
most serious obstacle met with is the characteristic indifference of the people 
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in the oil business to anything but that which promises an immediate per- 
sonal benefit. 

By means of the levels taken to the well mouths I have adjusted the 
records of one hundred and thirty-four wells in sucha way that they ail may 
be compared with one point, This point is the Ennis Well, Pleasantville, 
which is located on the highest ground in thecounty. All other wells are 
therefore below this base. The elevation of this point above tide I at first 
determined from information furnished me by the Smithsonian Institution 
to be 1761.81 feet. This result was aimed at by correcting my own levels 
with the levels of the Allegheny Valley Railway as I received them. But 
upon checking my line with other Railway Surveys, I find an error of about 
fifty-three feet, which I have traced to the Allegheny Valley Railway, 
between Venango City and Pittsburgh. This makes my base 1709 feet 
above tide instead of 1762 as first announced.* 

In the arrangement of the strata of sandstone I have paid but little atten- 
tion to the usual method of numbering, which, from the way of counting 
from the top is very liable to confuse, as in some places two or three moun- 
tain sands are found, and in others the first sand is the oil producing rock. 
I have discarded some records which were evidently incorrect, and have 
been forced to use some which are not altogether to be relied upon. 

I have noted the elevation of 308 wells and about 80 permanent benches 
in different localities. I also give you the elevation above sea of several 
places in the western part of the state. 

There have been sent out 153 blanks which have not been returned. 

I have great confidence in this method of locating and defining the oil 
bearing rocks, and from the data which I hand you very much can be 
gathered which is of practical use. 

In the early part of my observations on this Survey I formed the opinion 
that the oil rocks dipped uniformly in one direction, but more extended 
surveys show differently. In some places the line of greatest dip is nearly 
south, while in others it is more westerly. The line of oil deposit lies 
almost invariably in the line of greatest dip, showing doubtless that the for- 
mation was made in swift running water, and the Ceposit of pebbles was 
in the line of the current. Hence, the ‘‘belts,’’ which correspond with 
the dip. 

If, in your opinion, this Survey is of any practical benefit I would sug- 
gest that it be put into the hands of the Producers’ Association, with a view 
of making it to the interest of a larger number to assist in collecting the 
necessary data. 

Much more work is yet required to define and locate the oil-bearing 
rocks in this section of the State, but the difficulties above mentioned and 
the lack of co-operation, together with demands on my own time which 
make it impossible for me to give it the attention required, have induced 


*Many efforts have been made in 1874, ’5 and ’6 to discover the cause and quan- 
tity of this error but without the best success, although progress has been made 
towards its adjustment. [J. P. L.) 
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me to make this report and place in your hands, to use as you may deem 
best, all of the facts and figures thus far collected. 
No part of the result has been made public, except a small sketch fur- 
nished to Dr. J. 8. Newberry of the Ohio State Geological Survey. 
All of which is respectfully submitted. 
E. 8. Nettleton, C. E. 


Since my connection with the Second Geological Survey of Pennsylvania 
I have found these papers of great service, and been obliged to refer to 
them often for facts which could not now be otherwise obtained, but I 
did not feel at liberty to use the materials in any public way without Mr. 
Nettleton’s consent and the acquiescence of the State Geologist. These 
restrictions are now removed by Mr. Nettleton’s permission to publish 
whatever may be of general interest. 

The well records are many of them imperfect, none of them indeed are 
just what the geologist requires, for they give no indication of the char- 
acter of the strata between the Sandstones. The blanks were not prepared 
with a view of studying the lithology further than it was involved in an 
examination of the oil rocks. But they accomplished the purpose intended 
and brought out the facts required to demonstrate that there are diflerent 
beds of sandstone lying at different horizons and all dipping with con- 
siderable uniformity to the southwest. 

This may, be shown in a general way by taking a few wells at random 
along the line surveyed from Pleasantville to Oil City—thus: (refer to the 
records) 


(1) Ennis Well, Pleasantville, top of oil sand above ocean 807 fee’. 

(87) National, No. 2, 1} mile southwest of Pleasantville 779 
(127) Fink, No. 12, Shamburg................) iscicnian ae 
(231) Porter, Foster Farm, Oil Creek 678 
(213) G. K. Anderson, No 134, Pet Centre .... r 631 
(258) Lady Suffolk, Blood Farm............... 
(261) Well No. 23, Rynd Farm....... 
(268) Champion, No. 2, Rouseville -- | Sand 
(269) Elizabeth, Clapp Farm............seee0- 
(270) Siveily & Gardner, Allegheny Run....... 


Between the National well and Fink, No. 12, there is a drop of about 45 
feet in the figures here given from the Black vil rock or Stray, to the Green 
oil rock or 3d sand of Oil Creek, which accounts for what appears to be a 
greater dip according to the distance than on other parts of the line. The 
green oil rock is found under the Pleasantville district in its proper horizon 
as is shown by some of the well records, but is unproductive. Between 
the National and Shamburg both rocks yield oil in some welts. To make 
the whole series of ocean elevations above given uniform—that is, all refer- 
ring to the top of the 3d Sand—the elevation at the National should be 
about 734 feet, and at Ennis’ about 762 feet. 
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Without doubt, the general reader will be much confused in attempting 
to trace the oil sandsin their proper order through the mass of records here 
given. No effort has been made to harmonize the apparent discrepancies 
made by drillers in numbering the Sandrocks. The records have been 
copied from the originals just as they were received, only making them to 
conform to the general plan adopted in the publication of the whole mass 
of records, good, bad and indifferent, which we have on hand, It will be 
a work for future study to select those which are reliable and to arrange 
and classify them in an intelligible manner. We hope that the publica- 
tion of these records as they are given to us by men who claim to under- 
stand the order and arrangement of the oil rocks, will satisfy them that they 
are not working understandingly, and show them the necessity of a closer 
examination of the measures drilled through and a more careful numbering 
and measurement of the Sandrocks. 

Mr. Nettleton’s levels, as mentioned in his report, were all based on his 
Ennis Hill datum. In 1874 we established the height of this Hill, by levels 
connecting with the railways at Tidioute, Tionesta and Rouseville, as 
1713 feet above tide.* We now add 7 feet to reduce this to ocean level,+ 
making it 1720 feet abovethe ocean. The elevations of the following wells 
have all been adjusted to this standard. 

All the wells not otherwise noted are located in Venango County. 

Some of the records here given from Enterprise and the Columbia farm 
on Oil Creek have been published in a previous issue. It will be noted 
that these differ from the former quite materially—a circumstance which 
shows how unreliable, for close study, the best of records are, even when 
obtained from the well owners and superintendents themselves. 

To make sure always that the well record sent in should be the par- 
ticular one required Mr. Nettleton adopted the plan of numbering the 
wells in his field book as he leveled tothem. He also carried with hima 
paint-pot and brush and marked the same number used in his note book 
plainly on the samson-post. This is the ‘‘engineer’s number’ referred to 
in the blanks. When the well owner returned the record he gave, in ad- 
dition to the name of the well, the number on the samson-post, and thus 
there could be no mistake made in adjusting the levels to the record. 
These numbers are given in the following pages at the end of the name of 
the well, in brackets, thus: Ennis Well (1), Harmonial Well No.1 (53), 
&c., &e. 


*At Schuylkill bridge, Philadelphia, Pennsylvania Railroad datum, 
tIn Raritan Bay, Coast Survey datum, 
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I. Wells in the Borough of Pleasantville and adjoining tts east line. 


1. Ennis Well. (1) 
October 14, 1868, 


On lease No. 3, Guild & Wright tract, adjoining east line of Borough of 
Pleasantville. Authority, J. L. Ennis. 

Well mouth above ocean (high tide) in feet 1720 

1274 

1218 

1050 

1010 

911 

881 


Wet hole. Cased at 446’. Pumped 4 feet from the bottom. 
Best production 200 barrels per day. Gas sufficient to fire 6 boilers. 


Black oil; gravity 43°. 
2. Swanand Belch Well, No.1. (57) 
January 26, 1869, 


S. M. Dunham Farm, lease No. 5. Canfield tract, adjoining east line of 
Borough of Pleasantville. Authority, Edwin Swan. 


GRE DOU BNO MONO TR Tis ook ok wide s cwecdeeccvdonsveces - 1678 
= 1498 


1488 
1061 
1037 
958 
9338 


918 
890 
818 


pebble and sand. B68 809 
pocket. 234 ‘‘ 8924 — 7854 
Wet hole. Cased at 407’. Pumped 12 feet from bottom. 
Best production 130 barrels per day. Gas sufficient to fire three boilers. 
Black oil. Mud veins at 775/ and 862’. 


3. Bonta and Hawes Well, No. 5. (60) 
December, 1868. 
Lease No. 4, Geroe farm, adjoining east line of Borough of Pleasantville. 
Authority, Charles P. Byron. 


Well mouth above oceanin feet 
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= 1433 
- 1421 
= 1216 
= 1194 
991 
50 = 941 
806 
PT. Minas > sanscnesdenceehth knee vans pebble. 16 ==... 990 
pocket. 2 1 i=..2ee 
Wet hole. Cased at 280’. Pumped 13 feet from bottom. 
Best production 120 barrels per day. Gas sufficient to fire 3 boilers. 
Black oil. Mud veins at 666’ and 852.’ 


4. McGrew and Ritchie Well. (5) 
February 1869. 


Jack Farm, McGrew, Ritchie & Co.’s tract, adjoining north-east corner 
of Borough of Pleasantville. Authority, James B. McClune, 


Well mouth above ocean in feet 
185 
290 = 1464 
417 = 1267 
435 = 1249 
629 = 1055 
653 = 1031 
775 909 
810 - 874 
877 807 
NE Gs Wi 0 Gs cians calvceuanetasebendeae pebble. 888 - 796 
pocket. 896 788 


Wet hole. Cased at 425/. 
Black oil. 
5. Jack Well. (7) 
February, 1869. 


Jack Farm, adjoining the north-east corner of Borough of Pleasantville. 
Authority, George H. Jack. 


= 1260 
- 1030 
= 1020 
==. 986 
925 


= 809 





** 882 
oom 


Wet hole. Cased at 405’. 
Best production 12 barrels per day. Gas sufficient to fire one boiler, 


6. Rising Sun Weill. (8) 
February, 1869. 


Jack Farm, adjoining north-east corner of Borough Pleasantville. 
Authority, Wm. A. Barnes. 
1676 
390 = 1286 
418 = 1258 
633 - 1043 
653 = 1023 
7 == 9h 
798 = 878 
871 - 805 
882 = 704 
887 = 789 
Wet hole. Cased at 397’. Black oil. 
Best production per day 10 barrels. Gas sufficient to fire one boiler. 


7. Howe Well. (11) 
March, 1869. 


Jack Farm, adjoining north-east corner of Borough of Pleasantville. 
Authority 
1671 
= 1271 
, . 430 = 1241 
? including 3d 8. 8 32 862 = 809 
4th 8. 8 880 = 791 
886 = 785 
Wet hole. Cased at 415/. 
Best production 20 barrels per day. Gas sufficient to fire one boiler. 


8. Nettleton Well, No.1. (20) 
January 17, 1866, 

Nettleton tract, formerly Watkin’s farm, lease No. 2, north-east corner 

of Borough of Pleasantville. Authority, E. 8. Nettleton. 
Well mouth above Gcmne Ub TO iis cocci Secccsccecccscsavccsene 1582 
to 109 = 1473 
230 = 1352 
802 = 1280 
348 = 1284 
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= 1097 

= 1042 

= 1025 

= 855 

al 

PUES Men ccdncicccncccneeunee pebble and sand. 18 0 = WH 

? pocket. 114 ‘‘ = 6904 

Wet hole. Cased at 180’. Pumped at 22’ from bottom. 

Best production 35 barrels per day. (Gas sufficient to fire 4 boilers. 
Black oil. Gravity 44. Mud veins at 557’ and 730’. The lowest water 
course is at 162/. At 716’ a quartz vein was struck. Well was tested 
thoroughly at 736’ and 560/. At the 736/ test considerable gas was found. 


9. Richey Well, No. 1. (15) 
December, 1868, 


Nettleton Farm, lease 15, Borough of Pleasantville. Authority, John 
Nichols. 


330 381 
34 415 
285 700 
32 732 
113 845 
UE Pir dane beeen beth Ge eee pebble and sand. 17 862 
Wet hole. Cased at 384’. Pumped 5 feet from the bottom. 
Best production per day 35 barrels. Gas sufficient to fire 2 boilers. 
Dark green oil. Gravity 43° to 48°, 


10. Plumer Well, No. 1. (16) 


April, 1869, 


Nettleton Farm, Borough of Pleasantville. Authority, ———. 


1639 
828 to 828 = 811 
20 “ 848 = 791 
3; * es = OO 
11. Lippincott Well, No. 1. (18) 
February, 1869 

Wa'‘kin’s Farm, lease 17, Borough of Pleasantville, 50 rods south of 

Nettleton’s Well. Authority . 
Well mouth above ocean in feet once, 1 
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to 340 = 1279 

848 = 1971 

580 - 1039 

615 = 1004 

640 979 

665 = 954 

695 924 

715 = 904 

814 805 

Gy Be hai soon bn. 0sh bees cccdwedankssk ke wash Geween 883 = 7 
Fs Susanacs Scans cast abe essac pease « pocket. 840 - F779 


Wet hole. Cased at 341’. 
Best production 3 barrels per day. Gas sufficient to fire two boilers. 
Black oil. Mud vein at 700’. 


12. Blakesley Well. (14) 
November, 1868, 

Brown and House Farm, situated in the Borough of Pleasantville. Au- 
thority 

Well mouth above COOkm 1 Feet oo Sickel ciccew cececcscccceces —— 

400 = 1272 

425 = 1247 

625 = 1047 

= 1032 

962 

947 

907 

867 

811 

792 


Wet hole. Cased at 415/. 
Best production 10 barrels per day. Gas sufficient to fire one boiler. 
Black oil. 
13. United States Petroleum Co.’s Well, No. 27. (28) 


October 9, 1868, 


Brown and House Tract, Borough of Pleasantville. Authority Wm. H. 
Kerns. 
mouth above ocean in feet 
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872 804 
887 = 789 
894 = 782 
Wet hole. Cased at 681’. 
Best production 60 barrels per day. Gas sufficient to fire three boilers. 
Black oil. 


14. Harsh Well, No. 3. (28) 
October 20th, 1868, 


Harsh tract, lease No. 3. Borough of Pleasantville. Authority, Samuel 
Harsh. 

mouth above ocean in feet 

- 1652 

= 1612 

= 1546 

= 1526 

609 917 

30 f 887 

7 34% 810 

-..-.pebble and sand. 15 795 

pocket. 7h “ 7874 


Wet hole. Cased at 450’. Pumped 9/ from bottom. 

Best Production 70 barrels per day. Gas sufficient to fire 24 boilers. 
Black oil. 

Struck a water course at 140’ from the surface. A dry crevice, struck 
at 250’ from the surface, carried off the water coming in at 140’. 


15. Shriver Well, No.1. (29) 


October 28th, 1868, 


Harsh tract, lease No. 1, Borough of Pleasantville. Authority, Albert 
Insinger, Jr. 


mouth above ocean in feet 


1609 
1064 

= 1032 
929 

89) 

802 

782 


bie bc EE ccc enee eb basnddpedscianesd pocket. ‘ 781 


Wet hole. Cased at 615’. Pumped 3 feet from the bottom. 
Best production 30 barrels per day. Gas sufficient to fire one boiler. 
Black oil. Mud veins at 760’ and 877’. 
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16. Tidioute Well, No. 1. (30) 


October, 1868. 


Connely Farm, Borough of Pleasantville. Authority, ——— 


Well mouth above ocean in feet....... 1670 
= 1260 
= 1230 
193 633 — 1037 
20 653 == 1017 
755 = 915 
7835 = 885 
867 = 808 
884 = 786 
Wet hole. Cased at 428’. 
Best production 135 barrel per day. Gas sufficient to fire 2 boi 


17. Crocker Well, (81) 
October, 1869, 


Connely tract, Borough of Pleasantville, Authority, 


408 to 408 
18 ‘ 426 
* 866 
‘* 886 
Wet hole. Cased at 412’. 
Best production 26 barrels per day. Gas sufficient to fire 14 boilers. 
Black oil. 
18. Beam Well, No. 1. (87) 


June 25, 1868, 


On land bought of T. B. Shugart, M.D., in Borough of Pleasantville. 
Authority, Beam Bros. 


Wels mouth above Comet fr Meets... 6 ic ccc ccwrieccewes cuccsecee ds - 1646 
100 100 = 1546 
12 112 = 1534 
258 370 = 1276 
15 385 1261 
212 597 = 1049 
1021 
910 
375 
806 
789 
788 


wo 
=> = oS co 


m wD) +3 
cr ne = 


5th §. S.......yellow; pebble at top and middle. 
Di vicenkimsus. eb keen pocket. 


P 
or 
@ 
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Wet hole. Cased at 609. Pumped 3} feet from bottom. 

Best production 68 barrels per day. Gas sufficient to fire 18 boilers. 
Black oil. Mud veins at 746’ and 848’. 

The sand rocks were all measured when struck and when through, with 
the exception of the Ist or Mt. sand, which was calculated by the length of 
the tools standing in the derrick and by the rope to the wrapper. Average 
production to January, 1869—6 months and 5 days—30 barrels per day. 
Tubing drawn only twice, and only four days stoppage altogether during 
that period. Production at January 1, 1869, 7 barrels per day. 


19. Say Well, No. 6. (42) 
November 26, 1868, 

Zuver Farm, Borough of Pleasantville. Authority, Williams, Say & Co. 
1632 

= 1425 

= 1333 

= 1192 

so 2198 

947 

925 

819 

779 


918 = 714 
REO Ws oes vo taUeU bens Cvcewevdescveess pebble. 18 936 = 696 


Wet hole. Cased at 362/. Pumped 6 feet from bottom. 
Best production 15 barrels per day. Gas sufficient to fire 2 boilers. 
Black oil. 


20. Say Well, No.5. (48) 


September 29. 1868. 


Zuver Farm, lease No. 1, Borough of Pleasantville. Authority, Wil- 
liams, Say & Co. 


1623 

= 1518 

= 1421 

= 1280 

363 = 1260 
588 = 1035 
610 = 1013 
724 = 899 
784 = 839 
820 - 8038 
.. pebble. 834 - 789 
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Wet hole. Cased at 356’. Pumped 5 feet from bottom. 

Best production 90 barrels per day. Gas sufficient to fire 4 boilers. 
Black oil. Gravity 499°. 

Too many holes drilled in the immediate vicinity for the good health of 
this well. 


21. Say Well, No.2. (54) 
June 15, 1868. 


Zuver Farm, lease No. 2, Borough of Pleasantville. Authority, Wil- 
liams, Say & Co. 


580 = 1038 
605 = 1013 
720 = 898 
780 - 8388 
388 818 = 800 
17 835 - 783 


Wet Hole. Cased at 355’. Pumped 3/ from bottom. 


Best production 80 barrels per day. Gas sufficient to fire 15 boilers. 
Black oil. 


22. Benedict Well. (280) 
February, 1869. 


On Joseph Benedict's Lot, Borough of Pleasantville. Authority, C. L. 
Raver & Co, 


5 
Wet hole. Cased at 390’. Gas sufficient to fire one boiler. 
Best production 3 barrels per day. 
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23. Porter and Taylor Well, No. 1. (49) 
Noveniber 17, 1868. 


Wm. Porter Farm, Borough of Pleasantville. Authority, Stephen Hine. 


350 350 = 1267 

25 = 1242 

210 85 = 1032 

40 2: 992 

90 5 = 902 

40 55 = 862 

51 = Of 

fine pebble. 19 825 = 792 

pocket 44 ‘* 8293 — 7873 

Wet hole. Cased at 355’. Pumped 6 feet from bottom. 

Best production per day 14 barrels, Gas sufficient to fire one boiler. 

Black oil. 
24. Harmonial Well, No. 1. (53) 
February 1, 1868, 

Wm. Porter Farm, Borough of Pleasantville. Authority, Norman Pot- 

ter, agent. 


40 
65 
18 


v0 


Wet hole. Cased at 312’. Pumped 9 feet from bottom. 

Best production 125 barrels per day. Gas sufficient to fire 3 to 4 boilers. 
Black oil. Gravity 47°. Mud veins in 2d, 3d and 4th sands. 

Well was cased first at 380’; flowed 3 months, averaging 100 barrels per 
day, but running down, it finally ceased yielding oil in paying quantities 
November 1, 1868. It was then drilled deeper, showing the following 
record : 

Thickness of measures to bottom of 4th §S. to 880 — 784 
“a * sh = TO 

20 “ 874 - 740 

6 “ 880 = 734 

The 5th or “green oil sand,’’ was fine, gray and muddy. It furnished 
a good supply of gas and some green oil, but not in sufficient quantity to 
pay the expenses of pumping the well. 
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25. Comey and Andrews Well, No. 1. (113) 
November 9, 1868. 


Lease No. 11, west part of Porter Farm, now Brown, Byers 
Borough of Pleasantville. Authority, Gaylord Mattison. 


Well mouth above ocean in feet 


pebble. 18 
pocket. 7 


Wet hole. Cased at 320’. Pumped 9’ from the bottom. 
Best production 3 barrels perday. Gas sufficient to fire $ boiler. Black 
oil. Gravity 45°. 


26. McGrew Well, No. 1. (70) 
1868, 


Brown Brothers Farm, Borough of Pleasantville. Authority, James 
McGrew. 


= 1623 

= 1597 

376 1259 

588 = 1247 

596 = 1089 

639 = 996 

738 = 897 

27 765 = 870 
70 835 = 800 
18 853 = 782 
o.° OS = 


Wet hole. Cased at 382’. Black oil. Mud veins in 4th and 5th §. 8’s. 

The numbers given to the sands are not the proper ones, as the moun- 
tain sand should not be counted. We pumped the well at several points 
in the sand marked 5th 8. 8. as above. Ido not recall how many feet of 
pebble sand there were. 
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27. Harmonial Well, No. 2. (95) 
July 1, 1868, 


Armstrong Farm, lease No. 40, three-quarters of a mile nearly south 
from Pleasantville Corners. Authority, Norman Potter, agent. 


Well mouth above ocean in feet 


sand and pebble. 16 
pocket. 14 


Wet hole. Cased at 395’. Pumped 14 feet from bottom. 

Best production 80 barrels per day. Gas sufficient to fire 2 boilers. 
Black oil. Gravity 45°. 

The three upper rocks were very much broken up. Production at this 
date (December 19, 1868) 10 barrels per day. 


II. Wells in the vicinity of Pleasantville. 


28. Baldwin and Porter Well, No.1. (238) 
February, 1869, 


On Gates Farm, Nielltown Road, three-quarters of a mile north-east of 
the Borough of Pleasantville’ Authority, James B. McClune. 


Well mouth above ocean in feet..... 1616 
1506 
1416 
1276 
1245 
1042 
1021 
904 
868 
798 
786 
759 
....top white pebble, bottom gray sand. ‘ : = 750 
oss ce POenet, — 
Wet hole. Cased at 353’. Gas sufficient to fire 8 boilers. 
This well was tested at 840’ in the ‘‘ Black oil sand,’’ and afterwards 
drilled to 887’. The flow of gas came from the lower or ‘‘Green oil sand.”’ 
But little oil in either of the sands. 
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29. Norman Potter Well. (308) 
January Ist. 1870. 


On Aaron Gates’ Farm, 1 mile north-east of Pleasantville. Authority ? 


= 1052 

1024 

912 

a 622 — 890 

703’ to 707’, pebbly. ‘*., 781.. =* 78l 

.»5/ pebble. _ 16’ gray sand, 21 752 = 769 

pocket. 7. * ia ae 

This well at the present time is pumping about 20 barrels of salt wa‘er 
perday. (Jan. 4th, 1870.) 


30. Mason Well. (277) 
1865-6. 
On Prosser Farm, about 1} miles north 80° east of Pleasantville. Au- 
thority, Jas. B. McClune. 


= 1040 
971 
951 
921 
893 
759 
749 
746 
Wet hole. Cased at 260’. Green Oil show. 
Mud veins at 582/ and 634’. 


31. Fobes Well. (278) 
Fall of 1865. 


Dunham Farm, 1} miles east of Pleasantville. Authority, George C. 
Fobes. 


140 = 1381 
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219 = 1302 
253 = 1268 
537 = 984 
568 953 
603 918 
631 890 
717 804 
719 802 
734 787 
745 776 
841 680 
865 656 
76 645 
933 588 

** 1040 481 
BOE ROG, ss ccvcvesce bevece cadceedescedsess 10 “1050 = 471 


Wet hole. Caselat—. Mud veins at 507’ and 597’. 
This well was tested at 650’, and then drilled to its present depth and 
tested again, with but little show of oil at either point. 
32. Steele Well, No. 1. (120) 
November, 1868. 


Benj. Tyrrell Farm, 1} miles south-east of Pleasantville, near Ledsham 
Well. Authority, 


Well mouth above ocean in feet 


pebble. 
pocket. 


Wet hole. Cased at 318’. Pumped 24 feet from bottom. 
Best production 8 barrels per day. Black oil. 


33. Ledsham Welly No. 1. (121) 
November, 1866. 
S$. Q. Brown and Porter (or B. Tyrrel) Farm, 1} mile south-east of 


Pleasantville. Authority, Alfred Ledsham. 


Well mouth above ocean in feet 


= 1236 
1066 
= 1025 
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58 5838 = 967 

73 656 =— 894 

74 f = 820 

brown coarse pebble. 13 7438 = 807 

To cconcsnene goacbebeasee MS eee ia 27 7 = RO 
pebble. 20 790 = 760 

pocket. 28 818 = 7382 


Wet hole. Cased at 300’. Pumped 15’ from bottom. 

Best production 16 barrels per day. Half enough gas to fire one boiler. 
Black oil. Gravity 449°, 

The 4th 8. 8. consists of two layers with a small stratum of slate inter- 
vening about the middle (say 10’ of slate). The 5th 8.8. is of uniform 
texture throughout. The 6th 8. 8. is white, and finer than the 5th §. 8. 


34. Terry Well. (125) 


Bean Farm, 23? miles south-east of Pleasantville, near Farmers’ Hotel. 
Authority, 


Well mouth abowe ovdam im Gaste.oo cic ccck vsic tecstiicdseccis ves 
? ; 203 to 203 = 1284 
231 = 1256 
= 1060 
= 1034 
962 
942 
917 
899 
809 
vel) 
794 
Wet hole. Black oil. 
Wells have been put down deeper in the vicinity of this well which find 
27’ of slate between the two lower sands, the 5th and 6th. 


35. Golden Well, No. 2. (165) 


February, 1868. 


Pithole Golden and Cherry Run Petroleum Company’s Golden Farm, 2 
miles south of Pleasantville. Authority, John F. Carll. 


== 12653 
= 1236 
= 1105 





{[Jan, 19, 


11 = 1094 
7 = 1015 
19 = 996 

61 935 

21 7 = 94 

82 882 

6th S. S...... 21 861 
Teh news Coccnccess @ RG edcceverence cece boeOeS 79 = Te 
— * os FG7 

1 = 766 


Wet hole. Cased at 300’. Pumped 2/ from bottom. 
Best production 7 barrels per day. Half enough gas a boiler. 
Black oil. Gravity 47°. Mud veins at 678’ and 777’. 


36. North Star Well, No. 2. (163) 
January 9, 1869. 


Lease No. 1, North Star Company’s ‘‘Clark Farm,’’ 1} miles south of 
Pleasantville. Authority, T. Chattle. 


Well mouth above ocean in feet........ én eked acct cNGias aeses 1611 
153° to 153. = 1458 
20 173 1438 
172 345 = 1266 
25 370 = 1241 
260 630 981 
62 692 = 919 
23 715 = 896 
35 750 = 861 
65 815 = 796 
12 827 = 784 
Wet hole. Cased at 347’. Pumped 3/ 6’ from bottom. 
Best production 35 barrels per day. Gas sufficient to fire one boiler. 
Dark oil. Mud veins 740’ and 822’. 


37. Hoozier Well. (287) 
1865. 


At Dawson Centre, Pithole Creek, 14 miles above Pithole City, and 4 
miles south of Pleasantville. Authority, Norman R. Bates, 


Well mouth above ocean in feet 1357 
1233 

1209 

1000 

976 

900 

870 
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103 to 590 -= 
20 * 610 
33° “ 643 


Best production 15 barrels per day. Green oil. 


38. Skidmore Well. (293) 
April, 1869. 
McBride Farm, ‘‘ Tip Top,’’ 24 miles south of Pleasantville. Authority? 
Well mouth above ocean in feet 1622 
787 835 
812 810 
875 = 47 
897 725 
900 = 722 
Wet hole. Cased at 420’. 
Best production 35 barrels per day. Half enough gas to fire a boiler. 
Black oil. 
This well is supposed to be pumping from the same as the 4th rock in 
Pleasantville, but the oil is of lighter color. 


39. Black Well. (292) 


Lease No. 25, Winslow Petroleum Co., ‘“‘Tip Top,’’ 2} miles south of 
Pleasantville. Authority, Mr. Loud, Superintendent. 

Well mouth above ocean in feet 1530 

= 1412 

== 1667 

306 == 1224 

840 - 1190 

540 == 990 

556 — 974 

570 960 

596 — 9384 

633 = 897 

655 = 875 

698 = 882 

723 = 807 

790 = 740 

795: 735 

a 

as Laie Due te eal eela a-i-a <a .... pebble. 804 726 

pocket. 814 == 716 


Wet hole. 
Best production 1 barrel per day. Half enough gas to fire a boiler. 
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40. Olive Well. (182) 
1865. 


Herbert Tract, Mill Farm, 2} miles south of Pleasantville. Authority? 


== 1284 

= 1246 

= 1116 

1111 

956 

946 

849 

828 

751 

736 

726 

pebble and sand. S a THK 
pocket. = 685 


Wet hole. Not cased. Seed bag at 480’. 
Black oil. Gravity 45°. 


41. Buffalo Well, No.1. (181) 


December 26th, 1868. 


Lease A, (10 acres,) Mill Farm, 1} miles south of Pleasantville. Au- 
thority, Wm. Williams & 8. Simpkins. 


1486 
1426 

= 1376 
= 1226 
= 1201 
- 961 
946 
896 
876 

: 746 
16 ‘ = 7380 


Wet hole. Cased at 535’. Pumped 7 from bottom. 

Best production 4 barrels per day. Half enough gas to fire 1 boiler. 
Black oil. Gravity 47°. 

This well is supposed to be flooded by several old abandoned wells in the 
immediate vicinity. Have pumped in 27 days 42 barrels of roily oil, green 
and black, principally black. 
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42. Snyder Well, No.1. (180) 
December, 1868. 


Lease No. 3, Mill farm, 13 miles south of Pleasantville. Authority, J. 
C. Champion. 


= 1460 
= 1420 
= 1255 
1230 

= 1100 
= 1075 
= 1005 
985 

915 

901 
870 
850 
770 

18 = 52 


2 = We 


Wet hole. Cased at 275’.. Pumped 8/ from bottom. 
Best production 90 barrels per day. Gas sufficient to fire 1 boiler. 
Black oil. Gravity 48°. Mud veins in both the lower sands. 


43. Bates Well, No. 1. (102) 
ee 1866 
Dawson Farm, 1} miles south of Pleasantville. Authority, N. R. Bates. 


We Oe ee er GUE tk Es a 6.00 sino kis a Renbe dun abbdectacineen 1587 
to 560 = 1027 
<« 0 = 
“6¢o = 
* @ = 

? ° “eae = 

GE Whe é vawe Shee eke ...fine pebble and sand. 13 oo = 

pocket. 15 820 = 


Wet hole. Cased at 400’. Pumped 20’ from bottom. 

Black oi]. Gravity 47°, when first pumped. 

At one time during the first ninety days of the production the well 
yielded at the rate of 500 barrels per day, and was running at this rate 
when the men, in the excitement occasioned by so great a flow of oil, 
**shut down ’”’ to connect with a larger tank. This seemed to check the 
flow so effectually that the well could never again be brought up to its 
former production. The first part of the record was lost. My driller re- 
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ported /ime and sand for 30/ above the 5th 8.8. Overlying this was a 
stratum of soapstone more than 20/ thick, in which was a crevice or cavity 
> 


5’ in depth, then 8 of soapstone, then a cavity of 11’ in depth, as meas- 
ured by pole tools.* 


44. Bates Petroleum Co. Well, No. 3. (119) 
Fall and Winter of 186°, 


Matteson Farm, Pleasantville and Enterprise road, half a mile north of 
Pleasantville. Authority, N. R. Bates. 


Well mouth above ocean in feet 


105 
33 
84 


12 690 

10 700 
-close, some pebbles. 20 720 = 
pocket. 10 a = 


Wet hole. Cased at 190. 

Best production half barrel per day. Gas sufficient to fire half boiler. 
Green oil. 

When this well was first tested, after a few days of pumping, it showed 
very well, giving considerable gas and throwing at intervals a full pipe of 
vil. At this time an accident occurred, fastening the working valve so as 
to necessitate the drawing of the tubing. As the well was not cased at 
this time it seemed to be injured very much by the letting in of the water, 
and never again made so good a show as at first. 


45. Paschmacker Well. (198) 
1868, 


Near school house on Pleasantville and Enterprise road, 1 mile north of 
Pleasantville. Authority, M. P. Barber. 


Well mouth above ocean in feet..... 
306 
21 
53 
26 


* As these well records are here merely placed on record no comment is made 
on such extraordinary (or rather, ordinary) statements. The literature of oil is 
fullof them, They are mostly based on errors of observation easily explained. 
(J. P. L.] 
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284 690 = 896 
20 710 = 876 
110 “ 820 = 766 
21 841 — 745 
114 955 = 631 


Wet hole. 
Best production —. Green oil. Little gas. Red water. 


46. Eaton Well. (289) 
April, 1869, 


On lease No. 1, J. Y. Siggins Farm, 1 mile north-west of Pleasantville. 
Authority, James Y. Siggins. 


= 1493 

220 — 1448 

270 = 13898 

648 = 1025 

688 = 985 

780 = 888 

20 S00 = 868 

921 = "47 

Gt 6..6...0%% diesem ap diese dtbinun ews sand 12 933 =: %85 
pocket. 9 942 = 726 


Wet hole. Cased at 450’. Mud veins at centre of 3d and 4th sands. 

Best production 2 gallons per day. Green oil. 

About 10/ of the top of the 4th 8. 5. was pebbly and ought to have pro- 
duced oil, if immediately tested, but the well was.drilled to the 5th sand 
before the tubing was put in. This sand was white and close, with no 
pebbles. 


47. Siggins Well. (291) 


November, 1868, 


James Y. Siggins Farm, 1 mile north-west of Pleasantville. ‘Authority, 
James Y. Siggins. 


135 = 1400 
260 = 1275 
297 = 1238 
516 = 1019 
558 = 977 
661 = 874 
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676 859 
780 755 
799 
880 = 655 
Wet hole. 
The 4th 8. 8S. was a splendid pebble rock with excellent show of oil. 


Got the sand pump stuck in drilling and had to drill it out, and this is 
thought to have spoiled the well. 


48. Smythe Well. (118) 


1869. 


John McCaslin Farm, 1 mile west of Pleasantville. Authority, 


gray sand, 
- pocket. = 725 
Wet hole. Cased at 375/. 


No paying production. The well was tested at 749’, where some black 
oil was obtained. Afterwards the well was put down to the next (5th) 
8. S., from which it produced very little green oil. 


49. Horseshoe Well, No. 1. (117) 
July, 1866, 


On Pithole, Golden and Cherry Run Oil Co.’s tract, 1} 


miles south-west 
of Pleasantville. ‘Authority, John F. Carll. 


Well mouth above ocean in feet 





[Carll. 


104 * 805 = 748 
Se Pv Hhs pede ctidacdgdacws sand and pebble. Ss * © = Ts 


Wet hole. Cased at 300’. Pumped 10/ from bottom. 
Best production a few gallons per day. Green oil. Gas sufficient to fire 
2 boilers. 


Mud veins at 540’, 695’, and 765’. 
50. Children’s Well, No. 1. (97) 
November 4, 1868, 


Armstrong Farm, lease 101, adjoining Brown Bros. tract, 4 mile south 
of the Borough of Pleasantville. Authority, 


Wet hole. Cased at 418’. 
Best production 42 barrels per day. Gas sufficient to fire 3 boilers. 
Black Oil. 


51. Brown and Warner Weill. (110) 
March, 1868, 


Armstrong Farm, lease No. 89, $ mile southof Pleasantville. Authority ? 


Well mouth above ocean in feet.... .... bn seeed cds des weasebasves 1579 
= 1251 
1221 
794 
776 
Wet hole. Cased at 340’. Black Oil. 
Best production 90 barrels per day. 


52. Maple Shade Well, No.1. (105) 
July 7th, 1868. 


Brown, Fertig and Hammond tract, 1} miles south of Pleasantville. 
Authority, 


Well mouth above ocean in feet........ccccecceveces dak enemas 1 
6 = 


~—7 -3 +3 A 


Wet hole. Cased at 418’, 

Best production 150 barrels per day. Gas sufficient to fire 4 boilers. 
Black Oil. 

This record is unreliable. 
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53. Holbrook Well, No. 1. (81) 
August, 1866, 


New York and Providence Petroleum Co. farm, 1 mile south-west of 
Pleasantville Corners. Authority, R. W. Holbrook. 


Well mouth above ocean in feet 1540 


1389 

1242 

= 1222 

1017 

990 

880 

858 

784 

760 

745 

30 ==: Fi5 
15 700 


Wet hole. Cased at 325’. Pumped 72 feet from bottom. 

Best production 15 barrels per day. Gas sufficient to fire 2 boilers. 
Black oil. Gravity 42°. 

The 6th sandrock was found to be a hard close white sand. The well 
has been tubed from 756 feet to 816 feet, with same result. Good show of 
oil and gas in the 4th S. 8. 


54 Concordia Well. (174) 
1868 


North-east part of James Farrel Farm, lease No. 1, 13 miles south-west 
of Pleasantville. Authorrty, 


Well mouth above ocean in feet 


= 1398 

= 1218 

= 1190 

978 

960 

768 

741 

731 

5ths § . = 691 


Wet hole. Cased at 350’. 
Best production a ‘‘ good show’ 


’ 


of green oil. Mud vein at 815’. 
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55. Baum Well, No. 1. (175) 
1868, 


South-east part of north half of J. Farrell Farm, 1} miles south-west of 
Pleasantville. Authority, Grant Parkhurst. 


Well mouth above ocean in feet 


190 

154 344 
20 364 
216 580 
21 “ 601 
780 

18 798 
834 

88 “ 872 

Picae 15 ‘* 887 

Wet hole. Cased at 360’. 

Best production 3 barrels per day. Half enough gas to fire one boiler. 
Black oil in 4th S. 8., and greén oil in 5th 8. 8. Gravity, black oil 48°, 
and green oil 46°. 

The above well was drilled in the winter of 1867-8; was tested at 810/ 
and failed to produce oil in paying quantities; was then drilled to the 
depth of 878’ with the same result. Yellow pebble at 800’, white pebble 
at 835’. The well has since been abandoned. I do not think it was ever 
properly. tested at 844/ or in the 5th S. §. 


56. Phenix Well, No. 1. (86) 
August, 1868. 


Bates Petroleum Co. tract, 1} miles south-west of Borough of Pleasant- 
ville. Authority, 


Well mouth above ocean in feet 1520 
= 1440 
= 1384 
= 1253 
1233 
= 1015 
1000 
880 
855 
781 
745 
Wet hole. Cased at 510/. 
Best production 90 barrels per day. Gas sufficient to fire 2 boilers. 
Black oil. 
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[The record of this well, as given in the blank, from the top of the 5th 
8. 8. down is evidently wrong. It is as follows : 


Top of 5th 8. 8 
Thickness 
Ey WEN 5.640 be ncdbaeedse shéescenguessueneseesnentbahe 
SE ee Ee ew edice 6606 edb SUNEREONeEs e beceRe 
Depth of well 775’) 
57. National Well, No, 2. (87) 


National Oil Co. tract, 14 miles south-west of Borough of Pleasantville. 
Authority, E. L. Pitcher. 


15 


Wet hole. Cased at 300’. Pumped 7 feet from bottom. 

Best production 83 barrels per day. Gas sufficient to fire 14 boilers. 
Black oil. Gravity 49°. The 4th 8. 8. is broken by 20 feet of slate and 
shelly rock. 


III. Wells at Shamburg and Vicinity. 


58. Pierson Well. (177) 
1869, 


King lot, three-quarters of a mile north-east of Shamburg. Authority, 
William Morgan. 
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730 854 
7595 829 
g32 = 752 
pebble at top. ‘ 642 = 1742 
bX b obeda's KOMb ees eens Been genese pocket. ae == Te 
Wet hole. Cased at 360’. 
Best production 10 barrels per day. Half enough gas to fire one boiler. 
Black oil. 
59. Emory Well, No. 2. (307) 
August, 1869. 
Walter Scott Petroleum Company’s tract, adjoining C. Clark Farm, 
half mile east of Shamburg. Authority, 
Well mouth above ocean in feet 
900 
a: Oe = TH 
12 ** 980 = 711 
35 965 - 676 
669 
Wet hole. Cased at 
Best production 80 barrels per day, Gas sufficient to fire one boiler. 


Green oil. 


This well was put down and tested in the 5th 8. 8., and obtained black 
oil in small quantities; was afierwards put deeper. This 6th rock is 
evidently the one called the 5th in Shamburg. 


60. Oak Shade Well, No. 1. (128) 
September 10, 1868, 
Clark Farm, ten acre lease, near Shamburg. Authority, George W. 
Arnold, Supt. 


83 
65 
Wet hole. Cased at 345’. Pumped 23/ from bottom. 
Best production 40 barrels per day. No gas of anyaccount. Black oil 
Gravity 36° or 37°. Mud veins at 590/ and 850’. 
This well was not drilled through the 5th $8. 8S. From other wells neat 
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by we judge there remain 15/ more of sand, which would make the entire 
thickness of the sand 63/ +. 15/80’. The well from the time it was 
struck has averaged 25 barrels per day. [Jan. 1869.] 


61. Lady Jane Well. No. 1. (129) 
December 13, 1868. 


Clark Farm, 5 acre lease, near Shamburg. Authority, Arnold & Lock- 

wood. 
1539 
= 1419 
= 1303 
== 1218 
1174 
961 
939 
841 
805 
739 
666 

Wet hole. Cased at 347’. Pumped 22/ from bottom. 

Best production 20 barrels per day. Not gas enough to fire a boiler. 
Black oil. Gravity 36° or 37°. Mud veins at 340’, 720’, 810’, and 850’. The 
well was not drilled through the 5th sand by 15/ or 20’. Small division of 
slate in this sand. 


62. Lockwood Well, No. 1. (131) 
September 20, L866. 
Clark Farm, near Shamburg. Authority, E. M. & T. J. Lockwood. 
1492 
1389 
40 *§ : 1349 
139 8: 1210 
29 é == 116) 
219 53 962 
+. 2. - 955 
105 ‘ 64 850 
35 } 815 
a aH 707 
46 8 661 
Mie ae 11 4° - 650 
Wet hole. Cased at 300’. Pumped 40/ from bottom. 
Best production 6 barrels per day. Half enough gas to fire one boiler. 
Color of oil between black and green. Gravity 37°. Mud vein at 645/. 
The Lockwood Well showed evidences of being on the outskirts of the 
black oil bearing rock, as it produced a large quantity of salt water, and the 
Shamburg well in close proximity produced light green oil. 
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63. Fink Well. (127) 
February 22, 1867. 


On lease No. 12, Pittsburgh and Cherry Run Oil Company, Shamburg. 
Authovity, John J. B. Fink. 


loose open rock. 
pocket. 

Wet hole. Cased at 340’. Pumped 15/ from bottom. 

Best production, 210 barrels per day. Green oil. Gravity 48°. Gas 
sufficient to fire from 4 to 6 boilers. Mud veins at 530’, 645’ and 806/ 
Crevice at 778’. 

We are troubled a great deal with mud running into the well at 806’. 
The well is still producing, and could be made to pump 20 barrels per day 
if we could exhaust the mud, and keep the well clean [Jan. Ist, 1869]. 

There are shells ranging in thickness, between the regular Sindrocks 
which I could not giwe in this blank. 


64. Fink Well, No. 1. (147) 
May 5th, 1367. 
Farm of Huidekoper Petro!eum Co. of N. Y., lease No. 1, 10 acres, Sham- 
burg. Authority, John J. B. Fink. 


Well mouth above ocean in feet 


561 
657 
699 
95 ‘ TO4 
49 843 
Wet hole. Cased at 325’. Pumped 15/ from bottom. 
Best production 75 barrels per day. Gas sufficient to fire 2 boilers. 
green oil. Gravity 46° to 47 
The oil rock has a 7 shell above it. 
This well was finished May 3d, 1867. The well will produce an average 
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of from 10 to 15 barrels per day now, January, 1869. I have two more 
wells on this same lease, and their records do not vary much from this one. 
One is now averaging from 25 to 40 barrels per day, and the other about 


6 barrels. 
65. Fee Well, No. 1. (139) 


December 23, 1867. 


Atkinson Farm, lease 106, Shamburg. Authority, F. E. Hammond. 


Wet hole. Not cased. Seed bag at 322’. Pumped 20’ from bottom. 

Best production 512 barrels per day. Gas sufficient to fire 6 boilers. 
Green oil. Gravity 474 

This well ceased producing October, 1858. The total production was 
49,262 44) barrels. The largest production was in the month of May, being 
11,200 barrels. 


66. Juck Brown Well, No. 1, (140) 
December 27th, 1867. 


Atkinson Farm, lease 108, Shamburg. Authority, F. E. Hammond. 


wt Oo 


so ot 


112 
or 


~) 


221 


829 
718 


678 


Wet hole. Cased at 320’. Pumped 3/ from bottom. 

Best production 441 barrels per day. Gas supplied at one time 15 
boilers. Green oil. Gravity 474°. Mud vein at 830’. 

This well ceased to produce August 17th, 1868. The total production 
was 65,916, barrels, averaging 284,)3; barrels per day from the com- 
mencement of production to the close. The average price paid for this oil 
was $2.52 per barrel at the well. During the month of April, 1868, it pro 
duced 14,500 barre's, and the same was delivered to Pipe Co., averaging 
4834 barrels daily. 
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67. Skinner Well, No 1. (142) 
April, 1868. 


Lease No. 100, Atkinson Farm, Shamburg. Authority, F. E. Ham- 
mond. 


336 

558 

571 

770 

795 

818 

and sand. ‘* 863 
pocket. 5 ‘* 868 


Wet hole. Not cased. Seed bag at 330’. Pumped 18’ from bottom. 

Best production 150 barrels per day. Gas sufficient to fire 2 boilers. 
Green oil. Gravity 475°. Mud vein at 828’. 

This well produced 11,611,38, barrels of oil, 48 gallons to the barrel. 
This was sold at an average price of $3.81 per barrel. Well ceased to pro 


~ 


duce October, 1868. 


68. IZammond Brothers Well, No. 1. (144) 
January, 1869. 


Lease 42, Atkinson Farm, Shamburg. Authority, F. E. Hammond. 


100 ‘* 2492 
or o”- 


oo) ’ Obs 

25 402 

196 ‘ 598 

18“ G11 

107 718 

40 ‘* 758 

100 ‘ 858 

pebble and sand. 45 ‘* 9038 


pocket. i 910 


Wet hole. Cased at 375’. Pumped 5/ from bottom. 
Best production 4) barre’s per day. Half enough gas to fire a 1) oiler. 
Green oil. Gravity 47}°. 
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69. Tallman Farm Well, No. 2. (135) 
November, 1868, 


Lease No. 2, Tallman Farm, near Shamburg. Authority, Lyman 
Stewart. 


16... 306. = 2306 

225 530 = 971 

25 > = 946 

110 5 = 836 

40) 5S = 76 

90 oS = 7s 

ee Wh Cisdins se bese ebbadasetoateciontaed Sandy. 43 3 663 

Mi pocket. 14 852 649 

Wet hole. Cased at 300’. Pumped 12/ from bottom. 

Best production 8 barrels per day. Gas sufficient to fire one boiler. 
Green oil. Gravity 46°. Mud veins at 673’ and at 828’. 

At 511’ shelly rock ; at 643’ crevice of 3/’.. From 643’ to 671/ we find 
crevices of from 2// to 8’’, about 10/ apart; at 672’ a broken rock, and at 
677’ a small crevice ; at 770’ a crevice of 3/’; at 788’ rough rock. From 
801’ to 804’ pebble rock. 5th 8. 8S. rough and broken, with small crevices. 
No discovery of effects of torpedo on rock, neither did they (we put in 5) 
improve materially the production. 

Note,—The above measurements are taken from Dale’s crevice searcher’s 
record, and from the driller’s memoranda. 


70. Andrews and Stuart Well, No. 1. (149) 
Lease 86, Tallman Farm, Shamburg. Authority, 


Well mouth above ocean in feet 


15 
115 
40 
90 
50 
Wet hole. Cased at 320’. Pumped 4’ from bottom. 
Best production 309 barrels per day. Gas sufficient to fire 5 boilers. 
Green oil. Gravity 48° to 45°. Mud veins at 688’, 712’, 820’ and 850’. 
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71. Chatfield and Tomlinson Well, No1. (188) 


March, 1867. 


Lease No. 12, Henderson Farm, Upper Cherry Run, half mite south of 
Shamburg. Authority, Chatfield and Tomlinson 


1530 
100 = 1430 
195 1335 
330 = 1200 
360 = 1170 
650 = 880 
670 = 860 
700 830 
740 - %99 
795 = 735 


851 = 679 


Wet hole. Cased with 3 inch casing at 325’. Pumped 8’ from bottom. 

Best production 15 barrels per day. Gas sufficient to fire 1 boiler. 
Green oil. Gravity 47° to 48°. 

The 5th 8. S. was close and white with a pebble stratum about 20/ from 
the top. 

This farm produces black oil on its east side, from 40 to 60 rods from 
this well. 


72. Nell Well, (189) 
August, 1865, 


Great Republic Farm, 1 mile south of Shamburg. Authority, Thomas 
H. Gamble. 


1410 

1370 

- 1350 

190 == 1h 

25 1135 

195 940 

12 — 

118 810 
40 77 

95 675 

10 665 


wet : 630 


Wet hole. Cased at 352’. Pumped 15’ from bottom. 
Production ———. Black oil; very little gas. 
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73. Sassafras Well, No.1 (191) 
January, 1869, 
Beatty Farm, lease No. 48, 14 miles south-west of Shamburg, at the head 
of Bull Run, on the upper side of the Titusville and Plumer road. Au- 
thority, Phil. Beckman. 


Well mouth above ocean in feet FiSehakscsysuen 


Wet hole. 
Black oil. 


Cased at 604’. Pumped 8’ from bottom. 
This well was being tested when the reco 


and at that time made a good show of black oil. 


74. Rensselear Oil Company’s Well, No. 10. 


February 12, 1867. 


400 
450 
578 
608 
700 


oy 
i” 


860 
874 


8380 


)) 


<= E832 


1061 
933 
903 
811 


led 


ae 
651 


( 


8o 
to) 
63 


rd was being given 


On Lot 29; Beatty Farm, Cow Run, property of Clinton Oil Company, 


1} miles south-west of Shamburg. 


Well mouth above ocean in feet........ 


boilers 


.....White sand and pebble. 27 


On 


2 
260 
11 
92 


or 


aod 


105 


Oo” 


pocket. 2 


2 


388 
413 
518 
545 


547 


3 inch casing. Gas sufficient to fire 2 


Best production 20 barrels per day. Green oil. Gravity 47 


Authority, N. J. Tompkins, Supt. 


1172 

1147 
887 
876 
784 
759 
65+¢ 
627 
625 


9 


This well has been producing over two years and has averaged 16 barrels 


per day during that time. 


26th, 1869]. 


Vicker and Russell Well. (192) 


January, 1867. 


Patterson Farm, 1 mile east of Pioneer. Authority, 


It is now pumping 10 barrels per day [Feb. 
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101 to 825 
25 ‘* 850 
Wet hole. While drilling this well deeper in hopes of finding a sand- 
bearing green oil, the tools stuck, and the well was abandoned at the depth 
of 850’. 


IV. Wells along Oil Creek Valley, from Foster's Farm to Oil City. 


76. Sherman Well, No. 1. (276) 
1861. 


On Foster Farm, Oil Creek, three-quarters of a mile above Pioneer. 
Authority, Josephus Chandler. 

1092 

945 

927 

795 

= ‘Fae 

118 ‘ = 662 

Re apron ear sand and pebble. 36 16 = 626 

pocket. 14 4} = 619 


Wet hole. Seed-bagged on tubing at 300. 
Best production 1200 barrels per day. Green oil. Gravity 45° to 48°, 
Gas sufficient to fire 12 boilers. 


77. Porter Well, No. 1. (231) 
1865, 
On Foster Farm, on the bank of Oil Creek, above Pioneer. Authority ? 


1096 
= 946 
= 938 
788 
768 
678 
648 

Wet hole. Seed-bagged on tubing. 

Best production 200 barrels per day. Green oll. 

This well had a connection with the Grand Trunk Well, about ten rods 
distant from it. When the water was let into the latter well, by drawing 
the tubing, this well stopped flowing. But when the tubing was replaced 
in the Grand Trunk and the pumps started, the Porter Well would again 
begin to flow. 


PROC. AMER. PHILOS. SOC. XVI. 99. 3G 
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78. Grand Trunk Well. (232) 
1865, 
On Foster Farm flats, above Pioneer. Authority, —— Richards. 


Well mouth above 


936 
785 
765 


_~- 


675 
645 
Wet hole. Seed-bagged on tubing at 310’. 
Best production 40 barrels per day. Green oil. Gravity 45°. 


79. Foster Well, No. 61. (228) 
January 1863, 


On lease No. 61, Foster Farm, Pioneer. Authority, —— Bishop. 


624 to 

oe 

4s 

..... White sand and pebble. 88“ 
pocket. ee & : 


Wet hole. Cased at 630’. Gas sufficient to fire 2 boilers. Best produc- 
tion 30 barrels per day. 


80. Bishop Well. (229) 
1867, 
On Foster Farm, near Pioneer. Authority, 


1354 

20 = 1834 

120 == 1234 

798 

784 

664 

slate, sand, and pebble. 35 2 629 

ehh d seh kw Oehinan! © ae'os Rahs deeded pocket 10 35 = 619 


Wet hole. Cased at 560’. Half enough gas to fire a boiler. 
Best production 4 barrels per day. Green oil. Gravity 49°. 
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81. Foster Well. Lease 37. (230) 
March, 1867. 


On Foster Farm, near Pioneer. Authority, —— Bishop. 


385 << 


Wet hole. Cased at 567’. Gas sufficient to fire one boiler. 
Best production 90 barrels per day. Green vil. Gravity 49°. 


82. Well No. 1, Lease No. 2. (240) 
July, 1867, 
On the Wood Farm, near Petroleum Centre. Authority, J. A. Wharry. 


Wold momthk ahere Comets Bi Tei koe vinninid on dnc secvodacccccsccscr 1475 

250 to 2 12 § 

aS ** «205. = 1180 

240 ** 583! - 940 

50 . *. §65..: S90 

130 * 3 760 

20 oe 740 

77 , 663 

BD Ts 5 bide bien na bak ames sand and pebble. 47 = 616 
Wet hole. Cased at 540’. Gas sufficient to fire 16 boilers 

Flowing well. Best production 150 barrels per day. Green oil. Gravity 

43°, 


83. George K. Anderson Well. Lease No. 21. (242) 
February 14, 1868, 
On Wood Farm, near Petroleum Centre. Authority, J. A. Wharry. 


Well mouth above ocean in feet.............. 


SE TA is ae Kh 605.0 connie > ved bbs raven cree pebble. ! ‘ —= 603 
pocket. 49 = 554 


Wet hole. Cased at 660’. Pumped 55’ feet from bottom. 
This we'l was unproductive. It is situated on the highest hill on the 
Wood Farm. 





472 


[Jan 19, 
84. George K. Anderson Well, Lease No. 5. (243) 


April, 1868, 


On Wood Farm, near Petroleum Centre. Authority, J. A. Wharry. 


1 


Wet hole. Cased at——. Gas sufficient to fire 2 boilers. 
Best production 40 barrels per day. 


85. George K. Anderson Well, Lease No. 33. (245) 
February 12, 1868. 


On Samuel Wood Farm, near Petroleum Centre. Authority, J. 
Wharry. 


-+ee.--.8and and pebble. : 
pocket. ‘ 712 586 


Wet hole. Cased at 611’. Pumped 17’ feet from bottom. Gas sufficient 
to fire 2 boilers. 


Best production 20 barrels per day. Green oil. Gravity 43°. 


86. Well Ne. 1, Lease 36. (219) 


On Stevenson Farm, at Petroleum Centre. Authority, Geo. K. Ander- 
son. 


1368 
911 
898 
793 
791 
651 
606 
596 


o -! 


ai 


> 
~~ Cl 


' 
Qa +3 +3 +3 oI 
i! 
it 


~ 
© io 
i 


=3 «3 +23 
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87. Well No 1, Lease 51. (220) 


On Stevenson Farm, at Petroleum Centre. Authority, Geo. K. Ander- 
son. 


1350 
922 
916 
771 
741 
658 


612 


Pinner Well. (221) 
February, 1867. 


On Robert Stevenson’s Farm, about one mile north of Petroleum Centre. 
Authori.y, ———. 


Well mouth above 1369 
200 = 1169 

40 = 1129 

200 = 929 

15 55 = 914 

256 = 658 

....sand and pebble. 40 : = § 

pocket. 14 S =< 


Wet hole. Cased at 450’. 

Best production 25 barrels per day. Green oil. Gravity 47°. Gas 
sufficient to fire 2 boilers. 

This well is one of those that need some appliance to draw the gas from 
the well. We are now [Feb. 12, 1869] using a rotary pump, which not 
only increases the amount of gas, but helps the production. This well is 
producing as well as it was two years ago (in 1867). 


89. Well No. 1, Lease 134. (2138) 


On Central Petroleum Co.’s land at Petroleum Centre. Authority, Geo. 
K. Anderson. 


1106 
913 
866 
761 
754 
63 
592 


540 
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90. Well No. 1, Lease 305. (214) 


On Central Petroleum Co.’s land at Petroleum Centre. Authority, Geo. 
K. Anderson. 

Well mouth above ocean in feet..... Sie rs ae ae 

340 to 340 

50 ‘* 390 

** 493 

500 

610 

658 

20 678 


91. Well No. 1, Lease 306. (215) 


On Central Petroleum Co.’s land at Petroleum Centre. Authority, Geo 
K. Anderson. 

1234 

to 316 = 918 

‘* 364 870 

108 ‘* 472 = 762 

7 ‘* 479 755 

111 ‘* §90 644 

46 ‘** 636 598 


is ** Gaps 586 


92. Well No. 1, Lease 37. (217) 


Stevenson Farm, at Petroleum Centre. Authority, Geo. K. Anderson. 


mouth above ocean in feet....... ton ae 
2 


9i3 
900 
795 
793 
6538 
608 


579 


93. Swamp Angel* Well, No. 3. (247) 


On lease No. 141, Central Petroleum Co.’s land at Petroleum Centre. 
Authority, Geo. K. Anderson. 
Well mouth above ocean in feet.............+0000. Se vecuek ees hey ee 
Wecteeak's 3 185 to 185 907 


DD. Dice os eee a ae 2 892 


It would puzzle an antiquary of the next century to explain this name; but 
as it wis taken fron the army sobriquet of the huge piece of ordnance used be- 
fore Fort sumter, the name of the well enables us to assign as its probable date 
L861, 





133 to 383: 
6 ** 339 
121 ‘ 460 
43 ‘* 503 
45 ‘* §48 
94. Swamp Angel Well, No. 4. (248) 


On lease No. 141, Central Petroleum Co.’s land at Petroleum Centre. 
Authority, Geo. K. Anderson. 


1094 

160 = 934 

200 - 894 

340 754 

346 = 748 

465 > 629 

510 > §84 

552 542 

95. Abbe and Briley Well. (283) 
1866. 
On lease 156, Central Petroleum Co.’s land at Petroleum Centre. Au- 
thority 


Well mouth above ocean in feet 


463 
503 
Wet hole. Seed-bag at 350’. 
Gas sufficient to fire 1 boiler. Mud vein at 340’. 
Best production 15 barrels per day. 


96. Abbe and Bailey Well. (285) 
1865, 
On lease 179, Central Petroleum Co,’s land at Petroleum Centre. Au- 
thority, 


1093 

908 

863 

m4 : 753 

20 ‘* 36 - 733 

105 « > = 628 

10 ** §05 = 588 

Adie kia Rid nbn sto Pides hike ocvese .pocket. re = 560 

Wet hole. Cased at 350’. Gas sufficient to fire 1 boiler. Mud vein at 

464’, 

Best production 75 barrels per day. Green oil. Gravity 469, 
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97. Mary Ann Well. (223) 
April, 1868, 


On lease No. 24, Bennehoff Farm, on the bluff between Petroleum 
Centre and Pioneer. Authority, Edward E. Partridge. 


Wet hole. Cased at 624’. Pumped 4 feet from bottom. Mud vein on 
top of 3d 8. 8. Best production 120 barrels per day. Green oil. Gravity 
46°. Gas sufficient to fire 1 boiler. Blower attached as soon as the water 
Was exhausted. 

There is a surface sand about 60 feet from the top, and a mountain sand 
about 100 teet below the surface sand, about 65 feet thick. I believe that 
wells on the flat do not find either of the above sands. On the hill, we call 
the sands, first, second, and third sands. Some seed-bag in the Ist sand. 
I think that the majority of the wells on this farm are seed-bagged in the 
first sand. 


98 Harding and Jones Well. (225) 


February 7, 1869, 


On lease No. 9, Bennehoff Farm, on the bluff between Petroleum Centre 
and Pioneer. Authority, N. Jones. 


to 300 


sand and pebble. 
pocket. 8 


Wet hole. Cased at 520’, Pumped 6 feet from the bottom. Mud vein 
at 820’. Gas suflicient to fire one boiler. 
Best production 50 barrels per day. Green oil. Gravity 47 
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99 Courts and Andrews Well. (226) 
July 30, 1869. 


On lease No. 8, Bennehoff Farm, on the bluff between Petroleum Centre 
and Pioneer. Authority, T. I. Thompson, Agent. 


Well mouth above ocean in feet 


502 = 933 
512 = 923 
637 = 1798 
645 = 790 
769 = 666 
438 “ 812 = 623 
Wet hole. Cased at 504’. Pumped 4’ from bottom. Mud vein at 808’. 
Gas sufficient to fire 2 boilers. 
Best production 180 barrels per day. Green oil. Gravity 48°. 


100. Stuart Well. (227) 
September 1868. 


On lease No. 7, Bennehoff Farm, on the bluff between Petroleum Centre 
and Pioneer. Authority, John Waddell. 


1405 

1345 

130 = 1275 

550 855 

570 = 835 

618 787 

632 773 

740 665 

sand and pebble. 780 625 
pocket. 782 623 


Wet hole. Cased at 554’. Pumped 4/ from bottom. Mud vein at 744’. 
Best production 14 barrels per day. Green oil. Gravity 44°. 
101. Blocker Well. (249) 
June, 1868. 


Columbia Oil Company’s ‘‘Story Farm,’’ Oil Creek. Authority, George 
Boulton, Supt. 


Well mouth above ocean in feet......... bg 


PROC. AMER. PHILOS. 80C. XVI. 99. 3H 
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to 519 = 601 
52 ‘“* 571 = 549 
1“ te = 6 


Wet Hole. Cased at 500’. Pumped 8’ from bottom. 
Best production 175 barrels per day. Gas sufficient to fire i boiler. 
Green oil. Gravity 47°. No mud veins. 


102. Babcock Well. (250) 
July, 1866. 


Columbia Oil Company’s ‘‘ Story Farm,’’ Oil Creek. Authority, George 
Boulton, Supt. 


723 
628 
581 
576 
Wet hole. Not cased. Seed bag at 485’. Pumped 10/ from bottom. 
Best production 165 barrels per day. Gas sufficient to fire 3 boilers. 
Green oil. Gravity 47°. Mud vein at 598’. 


03. Goe Well. (251) 


Columbia Oil Company’s ‘‘ Story Farm,’’ Oil Creek. Authority, George 
Boulton, Supt. 


844 
736 
709 
611 
569 
563 


Wet hole. Not cased. Seed bag at 530’. Pumped 12’ from bottom. 
Best production 120 barrels per day. Gas sufficient to fire one boiler 
Green oil. Gravity 47°. Mud vein at 647’. 
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104. Reiter Well. (252) 


Columbia Oil Company's ‘‘Story Farm,’’ Oil Creek. Authority, George 
Boulton, Supt. 


Wee BRS Ore BONES Oe DURES cine d < cin 0 ince oun senasapeessenane 


oo, > 
ot ot © 
so oa © 


a co 
~ -) 


Ad 


=I -} 


Wet hole. Cased at 565’. Pumped 8/ from bottom. 


Best production 55 barrels per day. Gas sufficient to fire 5 boilers. 
Green oil. Gravity 47°. Mud vein at 676’. 


105. Boulton Well. (253) 
October, 1868. 


Columbia Oil Company’s ‘‘ Story Farm,’’ Oil Creek. Authority, George 
Boulton, Supt. 


Wet hole. Cased at 470’. Pumped 8’ from bottom. 
Best production 12 barrels per day. Gas sufficient to fire one boiler. 
Green oil. Gravity 47°. No mud vein. 


106. Story Centre Well, No.1. (284) 
July, 1863. 
On lease No. 27, Columbia Oil Co.’s Story Farm, Oil Creek. Authority, 
George Boulton, Supt. 


240 = 825 

330 735 

361 704 

465 600 

47’ 512 = 5538 

Wet hole. Seed bagged on tubing at 330’. Pumped 10’ from bottom. 

Gas sufficient to fire 3 boilers. 

Best production 250 barrels per day. Green Oil. Gravity 46°. 
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107. Phillips Well, No. 2. (255) 


1861, 


Tarr Farm, Oil Creek, 2 miles above Rouseville. Authority, ———. 


80 

180 

210 

321 

348 

425 

427 

431 

“Gray rock’’ 471 
3d 8. S. not through 481 


Best production 3,940 barrels per day, by actual measurement. Green 
oil. Gravity 46°. Mud vein at 466’. Size of hole 4 inches. Tubed with 
24 in. tubing without a working barrel. 

This well has produced over 600, 000 barrels of oil to present date (March 
1, 1869), which has been sold at from 10 cents to $14.50 per barrel at the 
well. 

It started to flow before drilling was completed and threw out the water 
and oil so furiously that the tubing could not be put in to shut off the 
water for three days, and even then the tubing had to be chained down to 
keep it from being blown out of the hole. 

The well was lately searched by ‘‘ Dale’s crevice searcher,’ 
ported a crevice of 3 inches at the depth of 472,’, feet. 


, 


which re- 


108. Union Well. (254) 
1862, 
Tarr Farm, Oil Creek. Authority, ———. 


1066 
71 
841 
741 
716 
58 
is Saas vac cs ere ee ee nncne pebble and sand. f 55 


Wet hole. Not cased. 
Best production 200 barrels per day. Green oil. 
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109. Lynn Well, No. 2. (256) 
November, 1867. 
Lease No. 192, Tarr Farm, Oil Creek. Authority, J. H. Dilks. 


Well mouth above ocean in feet.............ccccccesecccees 
100 
80 
240 420 
20 440 
90 530 
32 562 
75 637 
42 “ 679 
Wet hole. Cased at 607’. Pumped 7’ from bottom. 
Best production 60 barrels per day. Gas sufficient to fire 3 boilers. 
Green oil. Gravity 47°. 
This well was torpedoed at 649’ and 664’. The production before was 
15 barrels, afterwards 40 barrels. 


110. Sterling Well. (275) 
1864-5. 


On Tar Farm, Oil Creek above Rouseville. Authority, Ambrose John 
Moran. 


to 195 
‘© 225 
310 
340 
460 


495 


x 


a 
~1 © 


Wet hole. Cased at 320’. Pumped 1/ from bottom. 
Best production 200 barrels per day. Green oil. Gravity 44°. Gas 
sufficient to fire 3 boilers. Mud vein at 465’. 


111. Byron Mitchell Well, No. 1. (257) 
November, 1868, 
Lease No. 258, Blood Farm, Oil Creek, 1} miles north of Rouseville. 
Authority, 8. Hyland. 
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pebble and sand. 
pocket. 
Wet hole. Cased at 685’. 
Best production 120 barrels per day. Gas sufficient to fire 1 boiler. 
Green Oil. Gravity 449°. 
This well was doing 20 barrels when a torpedo was exploded in it, which 
had a damaging effect, reducing the production to 8 barrels. 


112. Lady Suffolk Well. (258) 
June, 1868, 


Lease No. 240, Blood Farm, Oil Creek, 1} miles north of Rouseville. 
Authority, A. B. Mudge. 


829 
724 
698 
637 
612 
588 
551 
Wet hole. Cased at 706’. Pumped 7’ from bottom. 
9 


Best production 85 barrels per day. Gas sufficient to fire 2 boilers. 
Green oil. Gravity 459°. 
113. tna Well. (259) 


Lease No. 18, Rynd Farm, Oil Creek, 1 mile north of Rouseville. Au- 
thority, George K. Anderson. 


Well mouth above ocean in feet 


115 
32 
14 


114. Pacific Well, No.1. (260) 
January, 1863. 
Lease No. 17, Rynd Farm, Oil Creek, 1 mile north of Rouseville. Au- 


thority, Hendrickson and Walker. 
Well mouth above ocean in feet 
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220 825 

835 710 

363 682 

473 = 572 

508 = 537 

515 = 530 
* Wet hole. Not cased. Seed-bag at 460’. 

Best production 12 barrels per day. Gas sufficient to fire 1 boiler. 
Green oil. Gravity 45°, 

On the Blood and Rynd Farms there is a gray 8. S. lying immediately 
over the third rock. Most operators think ae this gray sand is an oil pro- 
ducing rock. 

115. Well No. 23. (261) 


August, 1867, 


Rynd Farm, Oil Creek, 1 mile north of Rouseville. Authority, Supt. of 
of Rynd Farm. 


Wet hole. Notcased. Seed-bag at 190/. 

Best production 10 barrels per day. Green oil. Gravity 46°. 

There never was an instance on this farm of one well interfering with 
another. All the wells producing to-day are pumping oil only. No ad- 
vantage is gained in the amount of gas by the use of casing, and casing is 
not much used on the farm. [March 2d, 1869]. 


116. Keir Well, No. 1. (262) 
1862. 


Rynd Farm, Oil Creek, 1 mile north of Rouseville. Authority, 


Pee astGarsicecacs ehbad pebble and sand. 30 
Wet hole. 
Best production 250 barrels per day. Green oil. Gravity 45°. 
This well flowed while being drilled, from the 2d rock, or at 357’. 
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tubed in this sand and the well yielded 250 barrels per day for some time, 
but we spoiled it by shutting off the flow by a stop cock ; well was after- 
wards put deeper, but no increase of oil. 


117. Emory Well, No1. (263) 
January, 1865. 


A. Buchanan Farm, on Cherry Run, } mile above Rouseville. Au- 
thority, A. A. Emory. 


mouth above ocean in 1056 
844 
807 
701 
671 
560 
pebble and sand. * 530 = 526 
pocket. : 548 = 518 
Wet hole. Not cased. Seed-bag at 360’. 
Best production 28 barrels per day. Half enough gas to fire a boiler. 
Green oil. Gravity 48°. Mud vein at 516’. 
Very near this well a well was put down which had to be abandoned 


while drilling in the 2d 8. S., but it was pumped for an experiment and 
produced 900 barrels of dark oil. 


118. Well No. 18. (264) 
December, 1866. 


Farm of Union Petroleum Co. of New York, Cherry Run, ? of a mile 
above Rouseville. Authority, E. W. Hinds, Supt. 


221 
288 
874 
400 
120 5290. = 
DPUEANSS- ccces vs knmgeeeasualnich pebble and sand. 31 551 = 535 
Wet hole. Notcased. Seed-bag at 380’. 
Green oil. Gravity 46°. The well is now averaging 3 barrels per day 
[March 3, 1869]. 


119. Well No. 6. (265) 


Farm of Union Petroleum Oo. of New York, Cherry Run, 3? of a mile 
above Rouseville. Authority, E. W. Hinds, Supt. 





1877.] 


pebble and sand. 
pocket. 


Wet hole. Not cased. Seed bag at 375/. 
Green oil. Gravity 46°. 


120. Munson Well. (267) 
October, 1866. 


Lease No. 1, Curtin Oil Co.’s tract, on Cherry Run, 1 mile above Rouse- 
ville. Authority, 


Well mouth above ocean in feet 1103 
863 

8381 

723 

= 695 

132 = 

Seti at dois anal ee aie ab pebble and sand. 34 = ie 

TS sdGs oud ibeneden ndbaeereceneepeeus pocket. 20 5¢ = 509 


Wet hole. Not cased. Seed bag at 410’. Pumped 30’ from bottom. 


Best production 120 barrels per day. Gas sufficient to fire 1 boiler. 
Green oil. Gravity 46°. 


This well is near the celebrated Reed Well, and one record will answer 
for both. 


121. Champion Well, No. 2. (268) 
February, 1868. 


Buchanan Farm, Rouseville. Authority, Superintendent of Rouseville 
Oil Co. 


Min tis Sha ane kh Reewes waa abe kA . -pocket. 


Wet hole; Not cased. Seed bag at 360’. 
Best production 100 barrels per day. Gas sufficient to fire 2 boilers. 
This well only produced for two days; stopped short off. Think it 


PROC. AMER. PHILOS. 8O0C. xVI. 99. 31 





. 
Carll. 486 (Jan, 19, 


pumped what oil it did from the 2d sand. Think it best not to drill through 
the 3d sand, less likely to get salt water. 


122. Elizabeth Well. (269) 
1862. 
Clapp Farm, Oil Creek, between Rousevilie and Oil City. Authority ? 
Well mouth above ocean in feet.................ceececceees 1005 
to 2 805 


785 
645 


Wet hole. Cased at 373’. 

Best production 100 barrels per day. Green oil. 

The weil is now being pumped from the 2d 8. 8.; in pumping a large 
amount of water with a little oil, perhaps 6 barrels on an average [March 
4, 1869]. 


V. Wells along the Allegheny River from Oil City to West Hickory. 


123. Siverly and Gardner Well. (270) 
1366. 


Lease No. 11, Siverly Farm, Allegheny River 1} miles above Oil City. 
Authority, J. W. Gardner, Supt. 


Well mouth above ocean in feet...... 


fj ee wet pe keh eplerd ohne pebble and sand. 
pocket. 
Wet hole. Cased at 400’, 
Best production —. Half enough gas to fire a boiler. Green oil. Gravity 
46°. 
This well is a fair type of 15 wells on the Siverly farm, which altogether 
produced 40 barrels per day. They are pumped by heads. 
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124. Lowell Well. (271) 


March, 1867. 


Howard Oil Association lease, Alcorn Farm, Allegheny River, 3 miles 
above Oil City. Authority, L. Lowell. 


Well mouth above ocean in feet 


81 
Shelly. 34 530 
20 550 
Wet hole. Cased at 100/. 
Best production 6 barrels per day. Half enough gas to fire a boiler. 
Green oil. Gravity 42°. 
The wells on the river in this locality do not afford much gas. 
Torpedoes have been tried in some wells above Oil City with no advan- 
tage. 
125. Vandergrift Well, No.1. (272) 
August, 1868. 


On 10 acre tract, by H. McClintock Farm, on Allegheny River, about 3 
miles below Oleopolis. Authority, J. J. Vandergrift. 


Well mouth above ocean in feet........... bein: altend dh bwewnds 
to = 


F Saks abv arene hd Shee ANG Se se eseehebes 
3d 8.8 


Wet hole. Seed-bagged on tubing at 120’. 

Best production 1 barrel per day. Green oil. Gravity 40°. Half 
enough gas to fire a boiler. 

This well is in the vicinity of a number of wells, all of which are pump- 
ing oil from the 2d sand. The oil is of lighter color, but heavier gravity, 
than the Oil Creek oil. Some of these wells have been pumping for six 
years [March 5, 1869]. 

126. Madden Well. (273) 
1865. 


On Anderson Petroleum Co.’s Farm, Allegheny River, $ mile below 
the mouth of Pithole Creek. Authority, 
Well mouth above ocean in feet 





(Jan. 19, 


to 160 — 872 

‘* 204 = 828 

“ 2 == Fe 
WUE Wokinsscsebacvacacnse cea sand and pebble. oO SS T8 
pocket. “ 00 = 7 


Wet hole. Seed-bag at 170’. 

Best production 60 barrels per day. Amber oil. Gravity 42°. 

It is said that the 3d sand has not been found in this locality, though 
wells have been drilled 600’ and 800’ deep. 


127. Smith and Schribel Well. (299) 
June, 1869, 


Hussey and McBride Farm, Henry’s Bend, Allegheny River. Author- 
ity, 


1027 
878 
856 
794 
784 
773 
761 
269 = 758 
Wet hole. Cased at 150’. 
Best production 8 barrels per day. Amber oil. Gravity 42°. 
Another well on the side hill 109’ above this well went through 8d S. S. 
at 375’. This well is about 10’ above surface of river. 


128 Hunter, Hebert and Carll Well. (806) 


1869, 


Hunter Run, $ mile from Allegheny River, opposite Tionesta 


, Forest 
Co. Authority, John F. Carll. 


Wet hole. Some oil and gas. 
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129. Hamilton Well. (200) 
September, 1869. 


Hickory Farm Oil Co., Allegheny River at the mouth of West Hickory 
Creek, Forest Co. Authority, 
Well mouth above ocean in feet...... ee 
to 109 
; * 12 

, 35“ 160 
BE Ds B. casenpccccrsnccusssheseess not through. 6} “* 166} 

Wet hole. Not cased. Seed-bag at 104’. 

Best production 60 barrels per day. Green oil. Gravity 33°. 

This well, like most others on this and adjoining farms, pumps a large 
amount of water, which is supposed to come into the well with the oil. 
November 5, 1869, it was pumping 6 to 10 barrels of heavy oil with 100 
to 200 barrels of water. 


VI. Wells at Enterprise in Warren County. 


130. Benedict Estate Well, No. 1. (167) 
Summer of 1865, 


Benedict Estate Farm, Enterprise, Warren Co. Authority, 


306 
335 
345 
442 793 
448 = 87 
462 773 
pebble. i ne == | 6S 
pocket. 487 748 
Wet hole. Cased at 342’. Pumped 10/ from bottom. 
Best production 8 barrels per day. Half enough gas to fire 1 boiler. 
#reen oil, Gravity 479. 


131. McKinney Well, No. 1. (170) 


March, 1869, 


Lease No. 9, Benedict Estate Farm, Enterprise, Warren County. Au- 
thority, C. B. McKinney. 


Well mouth above ocean in feet.......... 
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183 183 = 1039 
50 233 = 989 
79 312 = 910 
10 322 = 900 
88 410 == 812 
20 430 
10 440 


792 


782 


pebble. 16 456 = 766 
pocket. 18 474 = 


748 


Wet hole. Cased at 338’. 

Best production 180 barrels per day. Gas sufficient to fire 2 boilers. 
Green vil. Gravity 45%. 

The 4th 8. S. is the oil bearing rock. The 2d 8. S. contains large veins 
of salt water. The well has been run one month and is as good as ever on 
an average. 

132. McKinney Well, No. 2. (171) 
August, 1868. 


Lease 17, Benedict Estate, Enterprise, Warren County. Authority, C. 
B. McKinney. 


196 <== 1029 
256 = 969 
314 = 911 
328 = 897 
414 = 811 
434 791 
10 444 = 781 
pebble. 21 465 = 760 
pocket. 17 482 743 
Wet hole. Cased at 335/. Pumped.6/ from bottom. 
Best production 80 barrels per day. Gas sufficient to fire one boiler. 
Green oil. Gravity 45°. 
A torpedo improves the well. 2d58. 8. contains salt water. 4th 5. S. 
is oil producing. 


VII. Wells at Church Run and in its Vicinity, in Crawford County. 


133. Hureka Well. (202) 
November 1865. 


On land of Atlantic and Great Western Petroleum Co., on Church Run, 
one and a-half miles north-east of Titusville, Crawford County. Authority, 
H. 8. Rogers, Superintendent. 


Well mouth above ocean in feet....... sontsitrdveseedevccesueeee Ie 
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230 1097 


297 = 1030 


471 = 856 
486 = 841 
504 = 823 
70 574 = 753 
10 584 = 1743 

Wet hole. Cased at 350’. Pumped 15’ from bottom. 

Best production 175 barrels per day. Gas sufficient to fire 3 boilers. 
Green oil. Mud veins are found in some of the wells on the higher ground, 
but were rare in the Eureka well. 

This well from the Jong time that it has been pumping can be considered 
to be one of the most remarkable in this region, having been one of the 
first drilled on Church Run. It now averages 140 barrels per week [Feb- 
ruary, 1869]. 

When first started it produced about 52 barrels per day. It gradually 
ran down until in May (1868), it was producing about 25 barrels per week. 

It was then cleaned out, casing and seed-bag being drawn, and torpedoed 
in the middle of the third sand. Casing was then put in, and it was started 
up, and for some days produced 175 barrels per day. Referring to the 
books, I find that in one week it pumped 910 barrels of the best, clear 
Church Run oil. 

We find that a torpedo, every six weeks, is required to be exploded in 
the middle of the third sand, to open up and clean the rock. There is still 
sufficient gas to run the engine [February, 1869]. 

The company are now pumping their eleventh well. Out of this num- 
ber but .wo have proved failures. 


134. Niagara Well, No, 1. (201) 
May, 1867. 


On three acre tract, formerly Cadwallader and Morse at Church Run, 
Crawford Co. Authority, 


Well mouth above ocean in feet 


65 


Wet hole. Cased at 300’. Pumped 13’ from bottom. 
Best production 25 barrels per day. Gas sufficient fire 1 boiler. 
Green oil. Gravity 45°. 
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135. ‘‘1ke’’ Weed Well. (204) 
January, 1867. 


On tract of Williams, Severance and Co., on Church Run, one and a 
quarter mile north-east of Titusville, Crawford Co. Authority, L. H. Sev- 
erance, Treas. 

Well mouth above ocean in feet....... Soecdvedcvccedacestcescooes 1394 
= 1096 
= 1066 
857 
842 
823 


ree 


ioe 


209 

15 

19 

pebble. 66 sont 
pocket. 9 == Tao 


~l re 0 -) @ 


Wet hole. Cased at 400’. Pumped 35/ from bottom. 

Best production 15 barrels per day. Oil green. Gravity 47°. Gas suf- 
ficient to fire 1 boiler. 

Well is now [February 12th, 1869] pumping on an average 6 barrels per 
day. Are only running it in the day, making but 12 hours pumping. With 
torpedoes, has pumped 10 barrels per day. 


136. Humphrey Well, No. 2. (205) 
December, 1868, 


On Atlantic and Great Western Petroleum Co.’s tract on Church Run, 
one and one-half miles north-east of Titusville, Crawford Co. Authority, —. 


= 1095 

390 = 1035 
ae = 
oo = 
610 = 
nm = 
3 is = 

Wet hole. Cased at 404’. Pumped 14’ from bottom. 


Best production, 300 barrels per day. Green oil. Gravity 45°. 
sufficient to fire 3 boilers. 


This well is now [February 9th, 1859] pumping 65 barrels per day. 
137. Yreka Well, No. 1. (206) 
August, 1868, 
On the Weed Farm, Church Run, 1} miles north-east of Titusville, 


Crawford Co. Authority, Chester Morse. 


Well mouth above ocean in feet............ Rute FARE RR ¢ Keke we eo 1454 
865 to 365 = 1089 
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to 428 = 1026 
<« 640 = 8M 
760. = . 76 


Wet hole. Cased at 365’. 
Best production 70 barrels per day. Gas sufficient to fire 2} boilers. 


Green oil. Gravity 45°. 


138. King Well. (211) 
1864, 
On Watson Flats, } mile south of Titusville, Crawford Co. Authority,——. 


«« 190 
‘« 380 
35’ ** 415 


Wet hole. Cased at 180’. Pumped 10/ from bottom. 

Best production 10 barrels per day. Green oil. Gravity 44°. One 
half enough gas to fire a boiler. 

This well has been pumped nearly all the time since it was struck, while 
in the immediate vicinity many have been abandoned and left without any 
seed-bag. It is the opinion of many, that if three-fourths of the holes on 
the flat were seed-bagged the other fourth would be paying wells at the 
present time [about Jan., 1869]. 


VIII. Miscellaneous Wells. 


139. Major Well. (279) 
Summer of 1867. 
On Major Farm, section 1618, Sparta Township, 2} miles 
Spartansburg, Crawford Co. Authority, Wm. Johns. 


Well mouth above ocean in feet 


260 745 
Wet hole. Seed-bagged on tubing at 210’. Gas sufficient to fire 15 
boilers. No oil 
This well was tested by pumping it for one day, when it gave signs of 
flowing. The second day the rods and valves were drawn, when it com- 
menced flowing gas and water at the rate of about 100 barrels per day, and 
continued thus for six months. The tubing was then drawn to explode a 
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torpedo. It was afterwards tubed, and flowed water for 9 months, when 
the seed-bag burst. Since then nothing has been done to it. At one time 
the water flowed outside of the tubing, and was thrown 15 feet high. 


140. Well No. 175. (301) 


Triumph Oil Company, Triumph, Warren Co., 2 miles south-west of 
Tidioute. Authority, Superintendent of Farm. 


Well mouth above ocean in feet 

1461 
1433 
1228 
1210 
1125 
1103 


457 

475 

560 

22 582 
120 702 983 
40 742 943 


No well on this farm has drilled through the 4th sand though some have 
gone 80/ into it. No oil is obtained below 10 to 20 feet from the tep of the 
rock. At the present time this well is being drilled deeper into the sand. 

Most of the wells in Dennis Run use gas pumps. [Nov. 4th, 1869. ] 


Inn dd edd 


141. Jocelyn Well, No.1. (294) 
April 14, 1866. 


Located on lease No. 1, plot 7, section C of the Jocelyn Oil Lands (old 
Green Farm), 4} miles south-east of Pleasantville, and 3 miles south of 
Neilltown, Forest Co. Authority, A. H. Jocelyn, Vice-President. 


Well mouth above ocean in feet 


710 
780 
825 
842 
857 
1000 


755 
740 
500 


Iida dada 


Wet hole. Not cased. Pumped at 800’ from top. 
Best production 1 barrel per day. Little gas. Black oil. Gravity 40° 
and 47°. Mud vein 790’ to 798’. 
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‘**Owing to accident, losing tools in this well, and fishing for them several 
weeks in as iff mud vein at top of the pebble rock, the well was spoiled. 
She was afterwards drilled to 1000/ as an experiment, to ascertain the fullest 
extent of Geology, but found nothing of importance below 857’, and the 
full regular oil-bearing rocks ending at 857’. It is my opinion, after careful 
study and practical knowledge, that this land is equal to the best oil terri- 
tory, and with further developments will prove an extended oil field. This 
geology differs from all below on Stewart’s Run.’’ 

The foregoing records are published to secure them against accidental 
loss by fire or otherwise, and to place them in a convenient form for refer- 
ence. Many of them are imperfect, and some, without doubt, do not cor- 
rectly represent the stratification of the rocks drilled through ; still they 
are of great value, and when the whole series is completed there will be a 
sufficient number of approximately reliable ones to exhibit in a very satis- 
factory manner the general underground structure to any one who will 
take the trouble to study it out. Their value will be more apparent years 
hence than it is now, when the old districts are again worked over, as 
they undoubtedly will be, and the early records are not otherwise to be ob- 
tained. .During the first development of a district, when scores of wells are 
in operation, almost every well owner or employé has a knowledge of the 
rocks sufficient for all practical purposes; but when the district has become 
partially exhausted, and the original operators have moved forward to 
other fields, leaving new men behind wh6 know very little of the history 
of the wells, then these printed records will be sought after and appreciated. 

If this plan of preserving records had been adopted when oil was first 
discovered and followed up to the present time what a vast amount of 
valuable material would now be accessible to all. Thousands of faithfully 
kept registers have been made. Some were merely written in a convenient 
place on the derrick or engine house and perished with the well ; some 
were kept in daily hand-books which were discarded and destroyed as they 
became old ; many have been consumed by fire, that inevitable visitant of 
all our oil towns; and others are now stowed away among the oil region 
relics of those who have left the country, and scattered almost to the four 
corners of the earth. Scarcely one in a hundred of them can now be found. 

Those who have well records in their possession can now have them 
published and preserved with the papers of the survey by mailing them to 
the headquarters of the Oil District at Pleasantville, Pennsylvania. They 
will be printed in pamphlet form from time to time as they accumulate in 
sufficient numbers, for free distribution to those who have contributed them. 

In examining these records it will be observed that the first column of 
figures gives the thickness of each sand-rock or interval; the second, the 
depth from the surface to both the top and bottom of each sand rock or in 
terval ; and the third, the elevation above ocean (where it is known), so 
that it can be seen at a glance, without any calculation, just what the thick- 
ness of each formation is, how far it lies below the surface, and how high 
above the ocean. This form of keeping records if universally adopted will 
be found to greatly facilitate their comparison and study. 
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On Centres of Aggregation and Dissociation. 


By Pury Earve Cuasz, LL.D., Proressor or PHttosopuHy IN HAVER- 
FORD COLLEGE. 


(Read before the American Philosophical Society, Jan. 5, and Feb. 2, 1877.) 


I. Aithereal Influences in the Solar System. 


The velocity of rotation varies as the square root of the velocity of 
gravitating fall. Therefore, if the velocity of planetary revolution (V gr) 
at Sun’s equatorial surface be taken to represent the velocity of ethereal 
rotation at the same point, the present «ethereal atmospheric limit, at which 
the equatorial velocity of rotation would be equal to that of the ethereal 
undulations which drive particles towards centres of inertia, is near the outer 


limit of the astervidal belt, at (WY Light-Modulus = 688.3 solar radii = 
3.204 Earth’s mean vector-radii). The mean proportional between 
Earth’s mean distance and Saturn’s* secular aphelion is 3.216 

We have found that the velocity at the «ethereal atmospheric limit (the 
velocity of light), is the limiting mean radial velocity, at the point of 
equilibrium between the velocity of complete dissociation and the velocity 
of incipient aggregation. The limiting tangential velocity, at the point of 
equilibrium between complete aggregation and incipient dissociation, is, 
therefore, + E of the velocity of light, which is the velocity of ethereal ro- 

wT 

tation at 219.09 solar radii, Earth’s mean distance being 214.86 

We have also foundt that Jupiter, the largest extra-asteroidal, and Earth, 
the largest intra-asteroidal planet, are connected by a common limiting radial 
velocity, the indications pointing to nucleal or rotating influences in the 
case of Earth, and to atmospheric or orbital influences in the case of Jupiter. 


Circular-orbital velocity varies as o The relations of g to / M (1) and 
of Earth’s position to the unit of solar aggregation (2), lendimportance to the 


i 


approximate equality between log. (VM ) 
(4 : @) = .716287 

Alexander showed§ that Jupiter and Saturn are so related as to suggest 
a possible early mutual participation in a common nucleal vfs via ; as if 
they had been formed, by interior and exterior condensation, from the same 
nebulous belt. I have shown] that the atmospheric radius varies as the 


+ power of the nucleal radius. Therefore, if me represents Jupiter’s posi- 


*“Pundamental Propositions of Central Force,” (ante. p, 293-310) VI. 
+Ib., V. 

tIb., V—VII, Illustrations. 

2Smithsonian Contrib., 280, p. 38. 

|“ Fundamental Propositions,” X. 
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tion(3) at the extremity of a nucleal radius, the corresponding atmospheric 


radius = (y mu)! = ut of which the logarithm is .945926. The log. of 


h secular perihelion + @ mean radius vector is .941236 
The secular perihelion of Venus is near the ethereal nucleal limit (1, 4). 


Log. (VM 4 = 2.128332, log. 2 sec. perihelion being 2.159680. 2.159680 
— 2.128332 — .081348 = log. 1.07483. 2 secular aphelion ~ mean r. vec. 
= 1.07633 

These approximations point to ethereal influences on the principal planets. 
both in the supra- and in the infra-asteroidal belts, and to early special nu- 
cleal condensation in the inner belt. The latter indication is strengthened 
by the greater density of the interior planets, by the many harmonic rela- 
tions which are based on Earth’s distance as a primitive unit, and by Earth’s 
position near the centre of the infra-asteroidal belt. Mercury’s secular 
perihelion (.29743) + Mars’s secular aphelion (1.73633) = 2.03376 ; 2.03376 
+ 2 = 1.01688. Earth’s present aphelion = 1.01678 

The nucleal-atmospheric relations of Earth and Jupiter (3) are further 
shown by the fact that a nucleal expansion of Sun to Earth’s secular peri- 
helion (200.307 solar radii) would involve an atmospheric expansion to 


(200,307! = 1172). Jupiter’s mean aphelion = 1166.61 solar radii. ...(7.) 

The present Light-Modulus (log. M + ©r = 5.675554) : Earth’s acceler- 
ative radius (log. 2 »? = 4.965340) : : Jupiter’s secular aphelion (log. = 
.741881) : Earth’s secular aphelion (log. = .028463) 

Earth’s rotating, relatively to its orbital velocity, has been accelerated 
366.256 times, since its theoretical nebular rupture. This represents the 
ratio of Earth’s nucleal-rupturing to Sun’s aggregating radius (2). For if 
we let » = superficial radius and velocity of perfect fluidity in the xthereal 
nucleus (1), p )/2 = radius of dissociating velocity, and 2 p = raglius of 
rupturing vis viva. Log. (9 = @® secular perihelion) = 2.301695. Log. 
(29? + 219.0894) = 2.563791 = log. 366.253.........eceeeeeeereeee: (9.) 

The increased acceleration of Jupiter’s angular velocity, relatively to its 
nucleal companion Earth, is such as would be due to the difference of orbital 
velocities at the outer and inner edges of the Jovi-Telluric belt. Log. Y 
secular aphelion (.741881) — log. @® sec. perihelion (1 .969540) — log. 
2.433". 24 hours + 2.433 = 9h. 51m. 49s (10.) 

Jupiter’s rotating, relatively to its orbital velocity, has been accelerated in 
the ratio of its mean rupturing radius to Sun’s aggregating radius. For log. 
(p = Y mean perihelion) = 3.029231 ; log. (2p? = 219.0894) = 4.018865 
= log. 10443.97 ; 4332.585 dy. ~- 10443.97 = 9 h. 57 m. 22s. See (7): 35) 


Saturn’s rotating, relatively to Jupiter’s orbital velocity, has been acceler- 
ated in the ratio of Jupiter’s nucleal rupturing to Sun’s aggregating radius. 
For log.( = 2 sec. per.) = 3.021137 ; log. (2,7 = 219.0894) = 4.022677 
= log. 1061.83 ; 4332.585 dy. ~ 10061.83 = 10 h. 20 m. 8s 

Saturn’s rotating, relatively to its orbital velocity, has been accelerated 





Chase. } 498 (Jan. 5 and Feb. 2, 


in the ratio of its initial-rupturing radius to Earth’s radius of rupture. For 
log. (p = h sec. aph.) = 3.346812 ; log. (2p? + 200.307) = 4.391929 = 
log. 24656.36 ; 19759.22 dy. + 24656.36 = 10h. 14m. 4s 

The rotating velocity of Mars, relatively to its orbital velocity, has been 
accelerated nearly in the ratio of its nucleal-rupturing radius to Earth’s 
secular aphelion. For log. (9 = cf sec. per.) = 2.449775 ; log. ( 2p? + 
229.413) == 2.839962 — log. 691.77; 686.98 dy. + 691.77 — 23 h. 49 m. 
PM anki cnadeib ditties <aeateunkad aeeeh anced des ceskatonenne (14.) 

The rotating velocity of Venus, relatively to its orbital velocity, has been 
accelerated in the ratio of its mean rupturiog radius to Earth’s mean peri- 
helion. For log. » = 2.191493 ; log.(2 * + 207.583) = 2.366824 = log. 
232.715; 224.7 dy. -- 232.715 = 23 h. 13 m. 368 

The rotating velocity of Mercury, relatively to its orbital velocity, has 
been accelerated in the ratio of its initial-rupturing radius to Sun’s aggre- 
gating radius. For log. ( p = % sec. aph.) = 1.990608 ; log. (25? + 219- 
-0894) = 1.941619 — log. 87.422; 87.97 dy. -- 87.422 — 24h.9m. 


Jupiter’s secular aphelion (5.5193) is a mean proportional between Earth’s 
mean distance, and Neptune’s secular aphelion (80.4696). See also, infra 
(27) to (29) 

The secular perihelion of Uranus, or its locus of nebular rupture (17.688), 
is at the centre of the supra-asteroidal belt. For Neptune’s secular aphe- 
lion (30.470) + Jupiter’s secular perihelion (4.886) = 35.356 ; 35.356 
B azz 179.078... cvcsiccciescoccens cess (18.) 

The secular perihelion of Uranus is also a mean proportional between 
Saturn's secular aphelion (10.343) and Neptune’s mean aphelion (30- 


The centres of the outer and inner planetary belts are so related that 
the mean distances of Uranus (19.184) and Earth’s secular perihelion (. 932), 
are at apses of a major-axis which would be traversed by light undulations 
in the time of planetary revolution at Sun’s surface. (19.184 + .932 — 20- 
-116 ; 688.3 2% -- 214.86 = 20.128) ........ cece ccccccccecces ( 

The major-axis of the November meteoric orbit is also nearly equivalent 
to the major-axis of these primeval light undulations. For the meteoric 
period = 88.25 yr.; 2 < 33.254 — 20.68 

When Sun’s surface of dissociation was at the extremity of Earth’s mean 
radius vector, the locus of complete association, or the vertex of the stellar- 
solar paraboloid*, was at Mercury’s present perihelion (.3187). 1+ <= 
-B184. .. 6.0 00s ccdsus ctaelveinsc stvebs Sibieeb dewbicn codes enosaictos (22.) 

The orbital velocity varies (3) as the one-fourth power of the gravitating 
velocity. The orbital velocity at the mean aphelion of the intra-asteroidal 
belt, is equivalent to the mean velocity of the centripetal gravitating im- 


*Ib. X, Illustrations. By an inadvertence it was stated that there are nine 
abscissas between Neptune and @ Centauri. There were nine in my original 
paraboloid (Proc. 8. P. A., Sept.20, 1872), but if the vertex is taken at the locus of 
complete solar aggregation there are eighteen. 


{ 
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pulses beyond the belt. For log. (sec. aph. tf? sec. aph. oyt= 2154387; 
log. mean aph. ¢) — .215944......... hh oe Seeegemels juOess vase sbac - (28.) 

The mean velocity of the centripetal gravitating impulses in the principal 
nucleal belt is equivalent to the same orbital velocity. For log. (sec. aph. 


ly XC mean BP ae DOGDOD ccc cccesccnceccodscdsceses usa dusies 


There is, therefore, an equivalence between the mean exterior and the 
mean nucleal gravitating impulses, beyond the Telluric belt. For log. 


(sec. per. Y X sec. aph. ot = .855866 ; log. (sec. aph.h XX mean per. 
ul cae MI eS One eee ale ad (25.) 
The orbital velocity varies as the one-half power of the rotating velocity. 


The mean orbital velocity due to nebular action in the Neptuno-Uranian 
belt, is equivalent to the rotating velocity at the locus of nebular rupture 


in the principal nucleal belt. For log. (mean per. Y mean yt = 
-689039 ; log. sec. per. 2/ = .688982 ; 

The initial rupturing position of the centre of planetary mass (17) is de- 
termined by the mean influence of the intra-asteroidal centres (6), the 
supra-asteroidal centre (18), and the nebular centre of planetary inertia 
(kh). For log. (mean @® X sec. per. 6 XK mean h 3 = .742338 ; log. sec. 
per. 2/ — .741881..... sec ccdnsldhwicw shee cekbeiddies bows tccvcs ive v's (9%.) 

The same position is also a mean proportional between the centre of the 
supra-asteroidal and the outer limit of the intra-asteroidal belt. For log. 
(sec. per. 8 X sec. aph. <')? = . 748575 

The nebula-rupturing position of the centre of planetary mass is at the 
centre of the initial planetary system. For sec. aph. YY (30.470) — sec. 
aph. 4 (20.679) — 2 x sec. per. 2/ (4.886) 

The initial position of mean planetary inertia is determined by the mean 
positions of the rupturing loci of the two principal two-planet belts. For 
log. (3 © 2)* —.999588 ; log. mean aph. h — 1.000003 

The atmospheric limit (4) of the infra-asteroidal belt, is determined by 


, positions of Sun, Jupiter, and Neptune. For log. (yx yt +Or)— 


3.429079 ; log. (sec. aph. J’ + © r)? — 3.429048 

The atmospheric limit of the initial position of the infra-asteroidal cen- 
tre, is determined by positions of Sun, Jupiter, and Saturn. For log. 
(sec. per. Y X sec. per. h? + © r) — 3.147264; log. (sec. aph. ® + © 
vr)? — 3.147491 

The atmospheric limit of the initial tendency to infra-astervidal rupture, 
is determined by positions of Sun, Jupiter, and Earth. For log. (mean 


per. Y X @ + ©r) — 2.680693; log. (sec. aph. ¥ + @r)i == 
GEE.. caccscescnneconcessthecesecsan? Sec cesocece éuccecbesebes (33. ) 
The atmospheric limit at the inner locus of infra-asteroidal rupture, is 





Rr 
Chase. | 500 (Jan. 5 and Feb. 2, 


the nucleal rupturing limit, relatively to Earth, of Mars. For log. (sec. 
per. ¥ = @r)! == 2.420721 <= log. 1 226 @r.vec.; (sec. per. j’ + @)3 


OG BEMB. 6000s 0% sare eveccecswcies cede sniesccoms oe -) 


The atmospheric limit at the central] locus of infra-asteroidal rupture, is 


at Jupiter’s mean aphelion. For log. (sec. per. @ + er! == 3.068927; 
log. (mean aph. 2f + ©r) — 3.066743 
The atmospheric limit at the rupturing locus of Mars, is near the rup- 


turing limit of Saturn. For log. (sec. per. j +- @r)t + @r.vec. = 
-934212 ; log. sec. per. h —.941236 ; .941236 — .934212 — .007024 — log. 
1.0163. This indicates a similarity of contraction at the centre (6) and at 
eR I Pe a Fee PETE ETE Ee Eee (36.) 

The atmospheric limits of the Venus belt, as determined by reference to 
the rupturing position of Mercury, are in or near the Earth belt. For log. 
(Q + see. per. ¥ yi + @r. vec. — 1.942238 @ .024175 ; log. © — 1.969540 
(@ .028463........... ° 

The atmospheric limits of the Earth belt, referred to the rupturing posi- 


tion of Mercury, are within the Mars belt. For log. (@ - sec. per. ¥ )3 
== 131591 @ .210155; log. of! — .117620 @ .230631.............006. (38. ) 
The atmospheric limits of the Mars belt, referred to the rupturing posi- 
tion of Mercury, are within the asteroidal belt.................ee00- (39.) 
The atmospheric limit at Venus’s mean aphelion, referred to Mercury’s 


mean locus, is at Earth’s rupturing locus. For log. (mean aph. 9 + % \f 
== .382120 ; log. (sec. per. @ + Y) — .381719 

The atmospheric limit at Earth’s initial locus, referred to the initial 
locus of Mercury, is at the mean perihelion of Mars. For log. (sec. aph. 


@® -- sec. aph. & i =— .466876; log. (mean per <o' - sec. aph. 3) — 
.468819 
The initial locus of Earth is at the mean aphelion thermal radius of Venus. 
For log. 1.4232 (mean aph. 2 -- @) — .027677; log sec. aph. @ — 
eT OTT els ee CTE er eld ea Ate ee. (42.) 
The atmospheric limit at the rupturing locus of Mars (36), referred to 
the rupturing position of Venus, is near the mean aphelion of Mars. For * 


log. (sec. per. o\ -+ sec. per. °)# .214318 ; log. mean aph. (| = 
.215944 


The inner atmospheric limit of the Jupiter belt; referred to the ruptur- 
ing position of Venus, is at Saturn’s mean distance. For log. (sec. per. 


2 + sec. per. o)8 — .976134 ; log. h = .979496 
The outer atmospheric or initial limit of the Jupiter belt, referred to the 
rupturing position of Venus, is near Saturn’s initial locus. For log. (sec. 


aph. 2 -- sec. per. 9)! = 1,046666; log. sec. aph. h = 1.014657; 
1.046666 -- 1.014657 — .032009 — log. 1.077 — log. (sec. aph. -- mean 4). 
See (3) to (5), (20) 
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The inner atmospheric limit of the Saturn belt, referred to the rupturing 
limit of Venus, is at the secular aphelion of Uranus. For log. (sec. per 


ly + sec. per. 2)# — 1.312478 ; log. sec. aph. 8 — 1.315531 (46.) 
The outer atmospheric limit of the Saturn belt, referred to the rupturing 
position of Mars, is also at the secular aphelion of Uranus. For log. (sec. 


aph: bh -- sec. per. ¢')! — 1.818669,...........00 Sa ea eee 7.) 


The inner atmospheric limit of the Jupiter belt, referred to Earth’s rup- 
turing position, is near Saturn’s rupturing position. For log. (sec. per. 
2 + sec. per. ®)* — 928796; log. sec. per h =. 941286; .941236 — 
-928796 — log 1.029. ......... Wadena cae aeetc<é tbedewnws «o eween (48. ) 

The outer atmospheric limit of the Jupiter belt, referred to Earth’s rup- 
turing position, is at the mean aphelion of Saturn. For log. (sec. aph. Y 


4 

+- sec. per. @)* — .999328 ; log. mean aph. h = 1.000003 

The mean atmospheric limit of the Saturn belt, referred to Earth’s mean 
position, is near the mean aphelion of Uranus. For log. (h + @)i— 
1.305995 ; log. mean aph. 6 = 1.301989..............0 0. eee odtR ire (50.) 

The atmospheric limit at Jupiter’s mean aphelion, referred to the rup- 
turing position of Mars, is at Saturn’s rupturing position. For log. (mean 
aph. 2/ -- sec. per. ays = .940244 ; log. sec. per h = .941236...... (51.) 

The mean atmospheric limit of the Uranus belt, referred to Jupiter’s rup- 
turing position, is at Neptune’s mean aphelion. For log. (4 -+ sec. per. 
x)! = 1.480913 ; log. mean aph. Y — 1.481951....... .........208- (52. 

The same limit (52), referred to Jupiter's mean perihelion, is at Nep- 


tune’s mean locus. For log. (§ -~- mean per. x)! = 1.478215 ; log. VY = 
LEI octiki isch stake cipal ad ia Gn bd hat nb nail > t000lnnak views 64: (53. ) 
The same limit, referred to Jupiter’s mean position, is at Neptune’s rup- 


turing position. For log. (5 + y)} == 1.471828; log. sec. per. UV = 
LT WPIIOS: i ic AS SO FUSS DOR EG EOS 088 (54. ) 

The important influence of Earth’s position at a centre of early nu- 
cleal condensation, is also shown by the simplicity of relations between 
Earth’s radius vector and the secular epicyclical undulations of the supra- 
asteroidal planets. 

Earth and Sun are convertible points of suspension, fora linear pendulum 
equivalent to the secular excursion of Uranus. For 3 ~ 38.365 — .0782 ; 
the maximum eccentricity of Uranus is .0789 ;* see (20) (21) 

The excursion of Saturn is nearly equivalent to the atmospheric limit of 


a nucleus which has Earth’s thermal radius (1.42824 = 1.601). For1.601 
-+- 19.078 — .0839 ; the maxium eccentricity of Saturn is .0843 
The excursion of Jupiter is equivalent to the mean radius of rotating 
inertia at Earth’s mean distance ()/.4 = .6325). For .6325 -- 10.406 = 
.06078 ; the maximum eccentricity of Jupiter is .06083.............. (57.) 
The excursion of Neptune is in the inverse ratio of its own coefficient 
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($) and in the direct ratio of the coefficient of Uranus (7), in the abscissas 
of the stellar-solar paraboloid which has its vertex at the point of complete 
solar aggregation.* For } + 60.074 = .0147, the maximum eccentricity 
CE ND 1A BUM ov cbc baebc dndsne BULA CERa bab Ks 008 6s ceecceceat (58. ) 

The following table shows the closeness of approximation (Theoretical 
less Observed -- Observed), in each of the foregoing comparisons : 


1 —.0039 15 .0052+ 30 —.0010 45 —.0009 
2 .0197 16 —.0028+ 81 .0001 46 —.0070 
3 —.0158 17 .0001 82 —.0005 47 —.0043 
4.0109 18 —.0006 $3 48 0291 
5 —.0014 19 .0019 $4 49 —.0016 
6 .0001 20 0006 % 50 .0098 
7 0033 21 —.0224 36 Ct 51 —.0028 
8 .0074 22 —.0013 @ 4; 52 —.0025 
9  .0000 23 —.0012 38; 58 —.0014 
10 .0070+ 24 .0010 39 54 —.0018 
11 —.0023+ 25 .0010 40. 55 0080 
12  .01694 26 0001 41 —.0045 56 —.0050 
13.0238} 27 0011 42 —.0018 57 —.0008 
14 08194 28 .0039 43 —.0088 58 .0014 
29 .0019 44 —.0078 


One of the most important corollaries of the theory of universal gravita- 
tion, is tersely stated by Stockwell, t as follows: ‘‘The amount by which 
the elements of any planet may ultimately deviate from their mean values 
can only be determined by the simultaneous integration of the differential 
equations of these elements, which is equivalent to the summation of all 
the infinitesimal variations arising from the disturbing force of all the 
planets of the system during the lapse of an infinite period of time.’’ There- 
fore, within the limits of secular eccentricity, the result is the same as if 
the nebular hypothesis were true. 

There should, then, be tendencies, in the neighborhood of every inert 
particle which floats in an elastic medium, to the formation of harmonic 
nodes of various kinds, and the sum of such tendencies should fix loci of 
cosmical aggregation before there had been any considerable shapings of 
definite mass. The subsequent values of relative mass would depend upon 
mutual conditions of equilibrium between various forms of living force. 

But such accordances as the foregoing, however interesting, and how- 
ever striking they might be deemed, would furnish no more conclusive evi- 
dence of the nebular theory, as popularly interpreted, than of the Cartes- 
ian vortices. All assumptions as to the nature of ultimate physical force, 
are now, and perhaps always will be, mere assumptions ; still, like geomet- 
rical diagrams, they may help to fix the mind upon ultimate physical re- 
sultants, and thus serve a useful purpose. 


* Ib. + According to Herschel’s estimate. 
tSmithsonian Contributions, 232, viii, 
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Stockwell also remarks* that ‘‘a comparison of the values which the 
different solu‘ions give for the superior limit of the eccentricity of the 
Earth’s orbit, has suggested the inquiry whether there may not be some un- 
known physical relation between the masses and mean distances of the dif- 
ferent planets.’’ If such a relation exists, the constancy of the mean dis- 
tances would also seem to imply a like constancy of absolute or relative 
masses, and the inquiry naturally arises, which is the logical antecedent ; 
whether distance has determined mass or mass has determined distance. 

There is abundant evidence on the one hand, of ‘‘cosmical dust,’’ and 
meteorites, which are contributing to the enlargement of the sun and 
the planets; on the other, of internal convulsions, which are occasionally 
ejecting materials beyond the reach of primitive attraction. It is com- 
monly believed that the enlarging tendencies predominate,and that the sum 
of all physical tendencies is towards stagnation, death, and universal 
gloom. Such a belief seems to me erroneous, and based upon limited con- 
siderations. It is not easy, as yet, to trace all the compensative and resto- 
rative energies, but some of them are strongly indicated by the various cos- 
mical relations which, through all periodic and secular inequalities, tend to 
maintain the stability of planetary orbits. 

In judging of the probable logical antecedence, it is well to remember, 
that all of the correlations which I have pointed out have been based upon 
general considerations of oscillatory centres, as influenced by radial, tan- 
gential, superficial, and volumetric disturbances, with reference to simple 
centres of inertia, and entirely independent of mass. My own convictions 
that spirit must necessarily, both logically and chronologically, take preced- 
ence of matter, have been strengthened by my investigations. Others, 
who have been accustomed to look more exclusively to physical influences, 
may perhaps be differently impressed by them. If they can give anv phys- 
ical explanation of the instantaneous action of gravity at all distances, or 
if they can frame any satisfactory hypothesis to account for such action ex- 
cept by constant spiritual activity, it will be gladly welcomed by all sincere 
seekers after truth. Jf, on the other hand, they admit that instantaneous 
action is incompatible with inertia, they may find that their own studies of 
nature lead them to a sure recognition of the supernatural, as an essential 
element of sound and catholic philosophy. 

If a nebulous mass were to be divided by some internal convulsion, the 
ruptured por‘ions would be projected from their common centre of gravity to 
distances varying inversely as their masses. If the first rupture were simple 
and one mass were much larger than the other, it could not obey the ten- 
dency to revolve about the common centre of gravity in a time proportional 
to the } power of the distance, but the tendency might be manifested in other 
equivalent ways. The synchronism of linear oscillations through twice the 
diameter, and orbital oscillations through the circumference of a circle, 
points to a possible mode of such manifestation, by the removal of the larger 
mass to such distance as would allow the linear oscillations, or equivalent 


*Op. cit., xvii, 
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tangential oscillations. This is the case with Sun and Jupiler. For if we 
represent the mass of Jupiter by 1, and Sun’s mass by 2, the secular peri- 
helion distance of their centres, .9391726 x 5.2028 x 214.86 r = (n + 2)7r; 
and » = 1047.876. Bessel’s value is 1047.879 .............. (59.) 

The atmospheric relation of Saturn to Jupiter (51) is further shown by 
the equality of nebular vires vive. For orbital v. v. OC ™ . the nebulous 

Tr 

mass at Jupiter’s thermal radius vector, * is 1.4232°, and the orbital @. ov. at the 


corresponding atmospheric limit is 1.4232* -- 1.42324 3m 1.4232! = 1.8007, 
which is Alexander’s ratio.+ The v. v. of constrained rotation varies as the 
square of the orbital v. », or, in the present case, as 3.2426 to 1, which 
would require masses in the ratio of 1 to 3.2426 to give equality of o. v. ; pro- 
vided the primitive orbits were circular. We have seen, however, (6), 
that the infra-as eroidal centre is at 1.01688 x Earth’s mean distance, and 
the Jovi-Telluric connections (3) suggest the probability of a similar eccen- 


tricity in the primitive Jovi-Saturnian belt. (1.42325 < 1.01688) * = 3.3525 ; 
1047.876 x 3.3525 — 3513.47. Bessel’s ratio of Sun to Saturn is 3501.6; 
60.) 

Saturn’s position at the nebular centre of planetary inertia would be 
likely to establish permanent records of equality in still other forms of vés 
viva. We accordingly find that the ratio of Neptune’s to Saturn’s mass 
seems to be due to nucleal vis viva (4) when they were both at atmospheric 


limits. For the o. v. of nucleal rotation varies as ( =) i, the } power of 
Neptune's, divided by Saturn’s mean distance, — 5.587; 5.587 x 3513.- 
47 — 19630. Newcomb’s ratio of Sun to Neptune, as deduced from the 
perturbations of Uranus is 19700.. 

The mass ratio of Uranus to Saturn seems to be due to atmospheric vis 
viva when their nucleal condensation began. For tbe v. v. of rotation at 


eer ; 1 : 
the atmospheric limit varies as ( a the $ power of mean distance 
( 


(A + b) is 6.444; 6.444 ~« 3513.47 — 22641 ; Newcomb’s ratio of Sun to 
Uranus is 22600 + 100...... : (62.) 

The mass ratio of Saturn to Earth seems to be due to equality of rotating 
vis viva. For the ov. v. of rotation in a contracting nucleus varies as 


(= )*; the square of mean distance (h + @) is 90.99 ; 90.99 x 3513.47 
( 


== 819590. The ratio of Sun to Earth is still a mooted question......(63.) 
These theoretical masses are such as to contribute to the stability of the 
system, by giving equality between various forms of opposing 0. v. at 
culminating points of opposing disturbance. 
With the Sun expanded to Neptune’s mean aphelion and rotating as a 


* Fundamental Propositions, IIT, IV. 
t Proc. 8. P. A. xii. 394, 
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nebulous mass, at the beginning of interplanetary condensation (secular 
aphelion) the mean vires vive of the outer two-planet belts are equal. 
For the internucleal v. v. oC md?; log. md? (Y x 4) = 5.656948 ;* log. 
md? (bh X 4) = 5.656817. See also (58)........... Tee scents (64. ) 

With Neptune at secular aphelion the mean vires viva of the outer and 
inner limi.s of the outer two-planet belts are equal. For under uniform 
ethereal resistance the v. v. is proportioned to the product of the mass by 
the trajectory, and the mean orbital trajectory is proportioned to the 
mean distance. Taking Uranus, Saturn and Jupiter at their mean dis- 
tances, log md (VY K h ) = 3.334505 ; log md (6 XK kh ) = 3.333751. . (65.) 

With Jupiter at Sun’s nucleal surface, and the outer planets at tidal 
crests (secular aphelion), the mean o. v. of the two outer = mean ». v. of 
the two inner planets. For the ». v. of rotation in a shrinking nucleus 
oC m + d*; the orbital vo. v OC md; log. (2 rot. X YU ord.) vu. %. = 
2.480226 ; log. (4 X h) ord. v. v. = 2.478969 

In my equation of figurate powers, log. (Y x 5° X 2°) = 8.069488 ; 
log. h '° = 8.091570; log. h theoretical mass = .806949 

The internucleal v. v. (OC md?) of Saturn is equivalent to the mean inter- 
nucleal v. vo. of the supra-asteroidal belt. For if we consider Neptune at 
secular aphelion, Uranus and Saturn at mean distance, and Jupiter at 
secular perihelion, log. md? for Y = 3.029720; for 6 = 2.565859 ; for h 
= 2.768149; for 2 = 2.712548; (8.029720 + 2.565859 -+ 2.768149 + 
2.712548) -- 4 —= 2.769069 38.) 

The mean ». v. of ethereal rupturing projection (md) in the supra- 
asteroidal belt is equivalent to that of the Sun (59). For log. [mass 
(YxSdxXh X %)4¢++O© x secular perihelion Y ~ © radius] =} 
(5.707091 +- 5.645107 + 4.454264 + 4.979691) + 3.803423 — 1.999961 ; log. 
mass ©) + ©) radius = .000000 

Jupiter’s mass is nearly equivalent to the mean mass of Sun, Earth and 
Saturn. For log-4(© x ® X kh) = 1.338072 ; log. 2/ = 1.334584...(70.) 


II. Chemical Atoms, Molecules and Volumes. 


In accordance with a suggestion of Professor Robert E. Rogers, I have en- 
deavored to find what modes of central force will best represent some of 
the most general forms of chemical activity, more especially those which 
are the basis of the law of Avogadro and Ampére, of combination by 
volume, and of approximate constancy in the product of atomic weight by 
specific heat. 

The simplicity of the ratio, between the energy of H, O and the solar 
energy at Earth’s mean distance,+ furnishes good grounds for such an in- 
vestigation, while the record of a parabolic orbit, connecting the Sun with 
the nearest fixed stars, t indicates a proper course for conducting it. A\l- 


* With Uranus as unit of mass, and Earth as unit of distance, 
+ Ante xii, 394; xiii, 142, 
t Ante, xii, 523, and subsequent papers, 
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though there may be some doubt as to the degree of certainty which be- 
longs to the recent hypotheses of internal gaseous structure, there can be 
none as tothe graphic representation of orbital activities under forces varying 
inversely as the square of the distance. Circular orbits denote constancy 
of relations between radial and tangential forces ; elliptic orbits, variability 
of relations accompanied by cyclical oscillations ; parabolic orbits, varia- 
bility of relations without cyclical oscillation ; hyperbolic orbits, variability 
of relations complicated by the action of extraneous force. 

In a rotating mass, the orbits of the several particles are circular. If 
the uniform velocity of any particle in the equatorial plane is less than 


v fr ,the mean action of the central force is impeded by internal collisions 
or resistances. If the velocities of all the particles in the plane vary pre- 


cisely as V fr, there is a condition of perfect fluidity, marking a limit 
between complete aggregation and incipient dissociation. Any cyclic va- 
riations of velocity between constant limits indicate elliptic orbits, with ten- 
dencies to aggregation through collisions near the perifocalapse. A perifo- 


cal velocity of V 2 fr marks a parabolic orbit, and a. limit between com- 


plete dissociation and incipient association. A velocity greater than V 2 fr 
is hyperbolic, indicating the intervention of a third force in addition to the 
mutual action between the two principal centres of reference. 

If all physical forces are propagated by ethereal undulations between re- 
sisting points, those points tend naturally to nodal, and from internodal 
positions. In order to maintain uniformity in the wave velocity, the «the- 
real molecules must be uniform, not only in volume, but also in aggregate 
inertia. As the inertia of the resisting points increases, the inertia due to 
internal «ethereal motions, should, therefore, diminish, and vice versa. In 
other words, the uniform elementary volume may be represented by the 
product of atomic weight by specific heat, and the laws of Boyle (or Mari- 
otte), Charles, and Avogadro, follow as simple and necessary corollaries. 

In order that uniform undulations should produce motion, there must be 
at least two points of resistance. Those points would approach each other 
until the interior undulating resistance equaled the exterior undulatory 
pressures, when their motion would be converted into rotation or into 
orbital revolution. Their common centre of revolution might become the 
centre of a new elementary volume, thus giving rise to the various laws of 
combination by volume, combination without condensation, condensation 
of two volumes into one, three volumes into two, or four volumes into tavo, 
as well as to general artiad and perissad quantivalence. 

When perifocal collisions change parabolic or elliptic into circular or- 
bits, there should be increasing density towards the principal centre of the 
system. Further collisions and condensations would produce tendencies 
to both nucleal and atmospheric* aggregations, and consequent binary group- 
ings. These laws are exemplified in the solar system, by the general divis- 
ion into an intra asteroidal and an extra-asteroidal belt, and by the subdivis- 


* Ante, xiv, 622, sqq. 
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ion of each belt into two pairs, the inner belt being denser than the outer, 
and the inner member of each pair being denser than its companion ; Mer- 
cury being denser than Venus; Earth, than Mars; Jupiter, than Saturn ; 
Uranus, than Neptune. This arrangement towards the Sun as a principal 
centre, appears, however, to be of more recent date than the tendency to 
condensation in the Telluric belt, for Earth is denser than Venus, and the 
great secular ellipticities of Mars and Mercury suggest the likelihood of a 
quasi-cometary origin. Similar tendencies would contribute to the chemi- 
cal grouping of atoms by pairs, which is essential for polarity and for the 
already enumerated laws of chemical combination. 

Tn the ‘‘nascent state,’’ particles may be regarded either as paraboli- 
cally perifocal, with the velocity of complete dissociation from a given 
centre, or as relatively at rest, and ready to obey the slightest impulses of 
central force. The mean vis viva of a system formed by two such particles 
would be m x ()/2)+ m XK 0=2m x 1, representing a change from 
parabolic to circular orbits and a condensation of two volumes into one. 

At the parabolic limit between complete dissociation and incipient aggre - 
gation, if the focal abscissa 2, = V F, 
is taken as the unit of wave-length, 
the value of the successive ordinates, 
as well as the velocity communicated 
by uniform wave influence acting 
through the entire length of the 
ordinates, will be represented by 
V42@ y; the resulting ois viva, and 
the consequent length of path, or 
major axis, communicable against 
uniform resistance, by 4 2; the 
successive differences of major axis, 
by 4. Each normal, v,, f, 42 equals 


the next ordinate, v, 4+1fs 4 1; 


there are, therefore, triple tenden- 

cies, both in the axis of abscissas, and 

on each branch of the curve, to suc- 

cessive differences of 4 in the major 
axes of aggregation, in consequence of the meeting of abscissal, ordinal, 
and normal waves in the axis, and the meeting of tangential, normal, and 
abscissal waves upon the curve. At each node of aggregating collision two 
of the wave systems are due to normally alternating rectangular oscilla- 
tions, * the third serving as a link between the axial and the peripheral waves. 
The bisection of the normals, by their equivalent ordinates, adds import- 
ance to the normal major axes, and increases the tendency to aggrega- 
tion at their respective centres of gravity. 


*“ Fundamental Propositions,” 13, 
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Chemical molecules and atoms are so small that we are unable, at 
present, to show, so conclusively as in cosmical gravitation, that the 
*‘nascent’’ velocity, or the mean radial velocity at the limit between com- 
plete dissociation and incipient aggregation, is equivalent to the velocity of 
light. But the analogies, which are here presented, are strengthened by the 
frequent vivid, luminous and thermal accompaniments of chemical change, 
and by the electric polarity of combining elements. It seems, therefore, 
reasonably certain that the same limiting unity of velocity and vis viva, 
which can be easily traced in light, heat, electricity and gravitation, is also 
fundamentally efficient in chemical affinity. M. Aymonnet, in his com- 
munication of a ‘‘nouvelle méthode pour étudier les spectres calori- 
fiques,’’* says: “Je ferai remarquer, avant de terminer, que l'étude des 
spectres calorifiques d’absorption, faite avec des corps portés a diverses 
températures, peut et doit. conduire 4 la connaissance de lois physiques 
reliant les phénoménes d’association et de dissociation des corps aux 
phénoménes calorifiques et lumineux.’’ In another paper recently pre- 
sented to the French Academy, ‘‘sur le rapport des deux chaleurs spé- 
cifiques d’un gaz,’’+ M. Ch. Simon deduces the theoretical ratio C : c :: 1.4 
:1. The first attempt at a solution of the problem upon @ priori grounds, 
appears to have been Professor Newcomb’s,t who found from the hypothe- 
sis of actual collisions, the ratio 5 : 3 if the particles were hard and spheri- 
cal, or 4:3 if they were hard and not spherical; the second, my own,§ 
based on the general consideration of all internal motions, which led to the 
ratio 1.4232 : 1; the third, M. Simon’s, which took account of rotations 
and neglected other internal vibrations. 


* Comptes Rendus, Ixxxili, 1102—4, Dec. 4, 1876. 
+ Tb, 727, Oct. 16, 1876. t Proc. A. A.S., v., 112, 2 Ante, xiv, 651, 
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On astrophyllite, arfvedsonite and zircon, from El Paso Co. Colorado, and 
a colorimetric estimation of titanium before the blow-pipe. 


By Georee Aveustus Koéntie, Px. D. 
(Read before the American Philosophical Society January 19th, 1877.) 


General occurrence. The three minerals are imbedded in quartz. On the 
specimens which I examined no orthoclase, nor any other species could be 
found ; yet the mother rock may be presumed to be a very coarse grained 
granite or syenite. Untii satisfactory information is received on this point, 
it must, of course, remain doubtful. In stating that the three minerals occur 
together, it is but right to say, that I make a hearsay statement. 

For, the specimens of quartz in which astrophyllite and zircon abound, 
are destitute of arfvedsonite, and the specimen on which the latter is abun- 
dant, does not show either of the two other species. But the character of 
the quartz, as the common matrix, is strictly identical throughout, of 
grayish color, locally stained with iron ochre, and massive in structure. The 
co-occurrence of these three species, at once calls up the close similarity 
with that of Brevig in Norway, the only locality at which astrophyllite 
was known to exist. The only difference being that orthoclase forms the 
matrix at Brevig, and quartz in Colorado. 

To Dr. Foote, of this city, I am indebted for the material of this investi- 
gation. 





















I. ASTROPHYLLITE. 


Geometrical properties. The crystals exhibit elongated prismatic forms, 
the cross section being nearly a rectangle on the majority of the individuals. 
I succeeded in finding some crystals, however, whose section is more com- 
plicated and with which I endeavored to establish the angular relations be- 
tween the several faces. No terminal development of any kind could be ob- 
served ; the crystals appear all broken across the direction of main extension. 

The measured edges are, therefore, all in one zone. The figure repre- 
sents a cross section of the best developed crystal, and the faces are desig- 
nated a, b, c, etc., solely in reference to their sequence. 















b 


a /\ c = 180° 15/ 


aAe= 930 
c/\e= 87° 
a a/Ave=1i19° 

c b A ¢ = 149° 30/ 
c A d = 148° 





d @ 
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a is a cleavage face and reflects a sharp image, the other faces are true 
crystal faces, and, with the exception of c, reflect very imperfectly. The 
largest face (a) is not quite one-eighth of an inch wide. The measurement 
does not make any pretension of scientific accuracy for the reasons stated, 
yet the above angles are the means of repeated observations, which only 
differed by 1°, for the edges a Ae, c / e, and by less than 30’ for the 
other edges. Their approximate accuracy taken for granted, they clearly 
admit only an interpretation according to the laws of the monosymetric 
system, when c becomes the basal plane, e an orthopinakoid, band d hemi- 
domes. 

Scheerer, who first described the species (B. H. Ztg. XIII 240, 1854) ar- 
rived at a different result. His measurements lead to an orthorhombic inter- 
pretation, and the optical investigations of Des Cloizeau (Dana, mineralogy) 
corroborate his view. But as none of the angles measured by me, find and 
analogon in those given by Scheerer, no comparison can be made, and future 
study must decide the truth. 


Structural properties. A very marked cleavage exists parallel to the face 
c, by which the structure becomes eminently micaceous. ne cleavage is 
indicated on the lateral faces by a decided striation (very plainly visible on 
the quartz, after the removal of crystals), and re-entering angles. Unlike 
other micaceous minerals, the lamin are but very slightly elastic and te- 
nacious, being easily reduced to a fine powder. That the crystals break 
easily across the main extension has already been mentioned. Hardness 
about 3. 


Optical properties. Color from brass yellow to deep bronze brown. 
Transmitted light deep yellow to reddish brown. Appearance of the 
powder at a certain degree of fineness like mosaic gold. I could not obtain 
an image of interference with a lamina, through which types of ordinary 
print were plainly visible But not possessing much experience in optical 
investigation, I have referred it to Professor P. Groth, of Strassburg. 

Specific gravity = 3.375 at 15 C°. 


Pyrognostic properties. The mineral fuses very readily to a black 
globule in the flame of an oil lamp. With microcosmic salt the reactions 
for iron, manganese, titanium and silica are easily obtained. 

The mineral decomposes completely with sulphuric acid at ordinary 
pressure, and very readily in a sealed tube at 140 C°. 


Composition : 
Oxygen. 
sio, = 18.485 
Tio, = 5.299 24.363 
ZrO, 0.579 
FeO, = 1.968 
AlO, - 0.326 


2.294 
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Oxygen. 

FeO 26 10 5.799 
MnO = _ 3.48 0.784 
K,O 5.01 0.851 
Na,O 2.54 0.655 
MgO 0.30 0.120 
CuO = 0.42 0.047 
TaO, 0.80 

H,O = 38.54 3.147 


99.91 
The oxygen ratio becomes : 
R408: &.:.8. 
We 8 ee ee 
(H,0), [(SiTiZr)0,],, [(Fe, Al) 0,] [(Fe, K, Mn, Na,) 0]. 


To obtain the atomistic symbol, we have : 
Quotients. Atoms. 
Si 16.195 : 28 0.57 13.13 
Ti 9.281 : 50 0.185 4.25 
Fe 5.090 : 112 0.044 1.00 
Fe 20.331 : 56 0.363 8.25 
Mn 2.696 : 55 0.049 1.11 
K 4.159 : 39 0.107 2.43 
Na 1.885 : 23 0.081 1.84 
Bic OMS: 1 0.393 8.93 
O = Geo: 1 2.379 54.07 


The most rational approach to these figures will be represented by the 
symbol 
Iv Iv 
Si,; Ti, 
‘7 VI /? 
Fe, Fe Mn 
K, Na, Hy J 
by which all the affinities are satisfied. 


Note.—In the above calculation zirconium is converted into its equiva- 
lent of titanium, aluminum into ferric iron, magnesium and copper into the 
bivalent ferrous iron. Tantalic acid was left out, partly because its exist- 
ence in the mineral is not established beyond doubt, and also because the 
general features of the formula would not be altered by its introduction. 

Comparing my analytical results with those of Pisani, Scheerer, et. al. 
who analysed the Brevig mineral (Dana, mineralogy, ed. 5, 309), whilst a 
general conformity appears evident, there exists a difference in the percent- 
ages of titanium, aluminum and manganese too great to be passed in 
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silence. To facilitate the comparison, the results of the several analyses 
are placed side by side : 


Pisani. Scheerer. Meinecke. Sieveking. Kdénig. 
TiO, 7.09 8.24 8.84 8.76 13.58 
Zr O, 4.97 — — 2.20 
Al, O, 4.00 3.02 3.46 3.47 0.70 
Mn O 9.90 12.63 12.68 10.59 3.48 


Excepting Pisani’s analysis, there is such close agreement between the 
others as could only be accounted for by an identical material and the fol- 
lowing of precisely the same methods of analysis under the same circum- 
stances. For, if Pisani’s analysis is correct, there must be a variation in 
the composition of the Brevig mineral. Adding the percentages of Ti O,, 
Zr O,, Al, O, in Pisani’s analysis, we obtain 16.06, against 16.48 in my 
analysis, whilst those sums in the other analyses are 11.26, 12.30, 12.2% 
respectively. But iit regard to manganese, it seems evident that the min- 
eral from Brevig and that from Colorado differ considerably, being only 
one third in the latter of that in the former. 

It was stated above, that the astrophyllite is closely associated with 
zircon, Which occurs in all sizes from } inch to microscopic size. After 
the astrophyllite has been picked with all possible care, and is reduced to 
powder in a mortar, an occasional harsh grit is noticed. This suggests the 
intimate admixture of a hard, granular mineral, probably zircon, and the 
zirconia found by analysis might only be derived from admixed zircon. 
To test this question I decomposed the mineral with sulphuric acid of 
medium concentration, filtered from the insoluble, and digested the residue 
with sodium hydrate. A white, sandy residue, of great hardness, was 
obtained, ranging from 3 to 6 per cent. in different samples. I analysed it 
by itself, and found it to be a mixture of quartz and zircon. Since zircon, 
even as finest powder, is not acted upon sensibly by sulphuric acid of 
medium concentration, and as I had avoided the crushing of the hard 
grains as much as possible, I feel confident to assert that whatever zirconia 
was found in the sulphuric solution was in molecular combination as 
astrophyllite, and not derived from admixed zircon. By the same process 
I made sure that no titanium was present in the form of rutile or titanite, 
or any other titanium mineral. 

I proceed now with the description of a method for the qualitative and 
quantitative determination of titanium, zirconium and aluminum, which 
I believe to be new and especially serviceable when the quantity of the 
mixed metals is very small. The best method for separating titanium from 
aluminum is stated to be (Rose, quant. analysis ) the boiling of 
the dilute sulphuric solution, when titanium dioxyhydrate will precipitate. 
This is only relatively true, depending on the relative quantities of metals 
and of salts in the solution. If the solution be strongly acid, titanium is 
not completely precipitated, and in certain cases not precipitated at all. (A 
detailed account of the behaviour of titanium, zirconium and aluminum 
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will be published hereafter in connection with the reactions of the prob- 
lematic earth in schorlomite.) If the solution be very neutral, a large per- 
centage of aluminum is precipitated. Owing to this behaviour, titanic 
dioxyd is often given as alumina, and vice versa. When the ferric oxyd, 
after the supposed precipitation of titanium, is weighed, re-dissolved and 
estimated by permanganate, the deficit is considered to be alumina, when 
in reality it is titanium, or zirconium dioxyd. However, my method 
although applicable to large quantities is more especially designed for small 
residues, with which precipitations, for physical and chemical reasons, give 
rise to considerable error. 

The mixed oxyds are digested with equal parts of water and concen- 
trated sulphuric hydrate at increasing temperature, until the excess of acid 
is evaporated. I dissolve now in the smallest possible quantity of water, 
and bring the liquid upon a watch glass, where a quantity of diammonium 
sulphate is added, corresponding to the alum equivalent of alumina equal 
to the weight of the mixed oxyds. A gentle heat is applied until the am- 
monium salt is dissolved, and the whole is allowed to evaporate spontan- 
eously in a warm place. Under these conditions, titanium, zirconium and 
aluminum form double salts with ammonium, but those of the two former 
are very soluble in cold water; while the well-known aluminum double 
salt, the alum, partly owing to the physical conditions of the crystals, is 
only slightly soluble in cold water, and still less so in a solution of ammo- 
nium or potassium sulphate. Accordingly, the dry mass of salts is moist- 
ened with a few drops of cold water, when every salt, but the alum will 
pass into solution, and the latter salt will be recognized at once, under the 
lens, by peculiar and constant octahedric forms. 

This salt is so granular, that it can readily be freed from accompanying 
salts by decantation, washing witha solution of ammonium sulphate. Com- 
parative tests showed that this washing process may be continued at length, 
without effecting a perceptible decrease of the alum. Thus freed from its 
mother liquor, the crystals may be removed into a small platinum crucib‘’e 
by means of a small piece of filter paper, ignited over the blast lamp, 
aluminum sesquioxyd obtained in great purity, and its weight ascertained. 
If the quantity be very small (less than 0.0005 gr.) the filter paper, whose 
ashes bring in impurity, the crystals may be washed into the crucible with 
a small amount of boiling water. In this manner I could estimate 0.0001 gr. 
and obtain a very distinct confirmative test by cobalt nitrate, before the 
blow-pipe. Experiments demonstrate that the presence of titanium and 
zirconium sulphates does not interfere with the complete crystallization of 
aluminum as alum, and as this salt only contains eleven percentum of 
aluminum sesquioxyd, the sensitiveness of the reaction is. readily under- 
stood. 

Notge.—The mixed oxyds must be freed from silica, which is easily ac- 
complished by adding a drop or two of hydrofluoric acid, during their diges- 
tion with sulphuric acid. 

I am well aware that the determination of aluminum as alum is not new, 
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but I have nowhere in the literature noticed a recognition of its superiority 
over other methods, and especially none applying to this separation from 
titanium and zirconium in a micro-chemical sense. 

The mother liquor from the alum, containing the sulphates of titanium 
and zirconium, besides a considerable amount of ammonium sulphate, is 
evaporated in a platinum capsule (one with a conical apex preferable, as it 
facilitates the removal of the oxyds after ignition), evaporated to dryness 
and ignited with caution over a blast lamp. The oxyds are then left in a 
scaly condition, very finely divided and well adapted to the subsequent 
treatment. They might be precipitated by ammonium hydrate and then 
ignited ; but this would cause some inevitable loss, and on the other hand 
silica would be again introduced by the filter ashes and from the glass 
vessels, which would interfere with the reactions. The oxyds would be ob- 
tained in hard pieces, requiring grinding, and augment the expenditure of 
work and time generally. 

The difficulty, nay, impossibility, of separating titanium from zirconium 
is well understood by all analysts who have occupied themselves with the 
subject. I have not overcome these difficulties, but I hope being able to 
show my co-laborers a way by which a quantitative estimation of the two 
metals may be arrived at where they occur together. It was proposed 
already by the great Nepom. Fuchs to reduce titanium dioxyd or chlorid 
to the sesquichlorid by tin, and estimate its quantity volumetrically. Owing 
to the unstable nature of the sesquichlorid and other causes not under- 
stood, this method fails to give satisfaction. It is also proposed to effect 
a separation by boiling the acetate solution of the metals. In my experi- 
ments I have not been able to obtain anything like constant results, and 
the difficulty to remove the alkaline salts from the hydratic oxyds, causes 
errors in small quantities of the oxyds, amounting to twenty-five per cent. 

In my prolonged working with titaninum and the earth of schorlomite, 
I had occasion to produce the blow-pipe reaction many hundred times, 
and noticing the various shades of color produced with microcosmic salt 
in the reducing flame, together with their constancy, I conceived the idea 
to make this reaction the basis of a quantitative colorimetric method. In 
the first instance it should be useful in determinative mineralogy to dis- 
tinguish between the several titanium minerals, where a difference of 10 
per cent. even would be sufficient to characterize a species. In working 
up the idea, however, I was astonished to see how rapidly the eye became 
sensitive to discriminate between the shades and intensities of color on 
small surfaces. Thus, when analyzing the astrophyllite, more minute and 
careful experiments proved that a very satisfactory quantitative estimation 
of titanium dioxyd may be effected when it is mixed with zirconium or 
other colorless oxyds, which themselves do not produce a coloration with 
microcosmic salt in the reducing flame. There are but three metals 
whose presence in even a comparatively small amount will interfere with 
the accuracy of this method: vanadium, chromium and tungsten. The 
two former produce a green salt in the reducing flame, the latter a deep 
sky blue. 
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I called attention to the effect of vanadium on the titanium reaction 
some time ago (Proceedings Acad. Nat. Sciences, March, 1876), when it 
was stated that the two metals, producing complimentary colors—red and 
green—will extinguish each other ; vanadium, however, may be recognized 
by its deep yellow color in the oxydizing flame, which is most intense at 
low temperature, while the yellow of titanium only shows at high tempera- 
ture, just below red heat. This point is not only of general interest, as a 
case which might possibly present itself to the analyst, but is of direct 
practical importance, since I have found vanadium in all the titanium 
minerals of Magnet Cove (Proceedings Acad. Nat. Sciences, March, 1876), 
and became aware of its existence just by applying this colorimetric 
method, to the small residues obtained from the iron sesquioxyd, by 
means of citric acid and ammonium sulphide. Here the titanium had 
escaped precipitation by boiling, and would have been called alumina, 
since it formed a nearly white powder and did not give the amethyst red 
color in the reducing flame. However, vanadium and chromium may be 
removed from the oxyds by fusion with potassium or sodium nitrate, a 
treatment which should never be omitted, if the highest degree of accuracy 
is desired in analysis. 

Practical execution of the method. I prepare titanium dioxyd and 
aluminum sesquioxyd, the former from rutile, the latter from alum, in the 
finest possible division, by igniting their respective ammonium citrates or 
tartrates, removing at the same time the last trace of iron by ammonium 
sulphide. In this fine condition the oxyds are very readily dissolved by 
the acid sodium phosphate before the blow-pipe. I then weigh out 
0.1 gr.; 0.095 gr.; 0.090 gr.; 0.085 gr. ...0.005 gr. of each of the oxyds, 
and mix them together inversely by very careful trituration in the mortar. 
I produce thus one series containing in 


TiO, Al,0, 

100 0 
95 5 
90 10 
85 15 


0 100 

These twenty samples, of one decigramme each, I put in well corked 
glass tubes with their respective number ; they form the standard. 0.002 gr. 
of the standard mixture, and an equal weight of the unknown mixture are 
dissolved in equal quantities of microcosmic salt. For very accurate de- 
termination it is necessary to weigh the salt (0.12 gr.), but with some 
experience it is sufficient to form a circular loop on the platinum wire one- 
eighth of an inch in diameter, then to add gradually of the salt until the 
bead is nearly spherical, possessing one-eighth inch thickness. I use a 
guage for this purpose formed of two pins, whose points are one-eighth 
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inch apart, and between which the bead is made to pass with slight friction. 
In order to dissolve the entire 2 milligrs., I bring the powder from the 
scale pan on a square piece of Swedish filter-paper quarter inch square, 
and place this upon a dark polished surface (bottom of an agate mortar). 
With the last particles of the oxydes the paper is made to adhere to the 
bead, burnt and thus no loss is possible. I keepa series of ten"beads (from 
10-10 per cent.) hermetically sealed in a glass tube for a primary com- 
parison, and having thus established approximately the position in the 
scale, it is easy to select one directly above and another below, with which 
to compare. Any person accustomed to make colorimetric observations 
with liquids will be able to use this method at once, without any special 
practice. As the reflection from the spherical surface interferes to a cer- 
tain extent with the adjustment of the color in the scale, I prefer flattening 
the beads upon a heated steel anvil with a polished hammer, also heated, 
to prevent a too rapid chilling of the glass. 

The thickness of the wire determines the thickness of the glass. I place 
the several glass plates alongside each other upon a flat porcelain slab, by 
which means the slightest difference in shade and depth may be recognized. 
The intensity of color is much greater towards the pure titanium than 
towards the zero; the blue rays being entirely absorbed by the glass at 
25 p. TiO,, the glass being then purely pink. I am now experimenting 
upon the feasibility of extinguishing the color of the titanium by a gradu- 
ated scale of green, representing per cent of titanium, by which means f 
am led to believe this colorimetric method, before the blow-pipe, will be 
made easier and more perfect. 


2. ARFVEDSONITE. 


Orystallographical properties. The crystals are elongated prisms with 
the clinopinakoid. As the faces are of equal width the cross section forms 
an equilateral hexagon. No terminal faces could be observed. The 
obtuse prismatic angle was found 124° 30’ with the hand goniometer. The 
habitus is altogether like that of common hornblende. In one large crystal, 
which I obtained loose, measuring nearly 4 inches in length by one inch 
in width, I noticed a disaggregation similar to that observed in uralite, 
that is to say, the crystal breaks up, or crumbles into an infinite number 
of small individuals. The principal direction of this parting appears to be 
a plane parallel to the orthopinakoid, a face not developed in the crystal. 
These small individuals exhibit brilliant faces and give a prismatic angle 
of 124° 5/ on the reflexion goniometer. On the smaller and more compact 
crystals, which are imbedded in quartz. [ observed a cleavage parallel to 
the orthopinakoid quite as marked as that parallel to the prism. I could 
not measure the angle accurately, but it appeared larger than the angle of 
the prism. The color is raven black (after removing superficial impurities 
by hydrochloric acid), the Justre submetallic, and the color of fine powder 
is lavender blue. 

Hardness = 6. 
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Specific gravity — 3.433 at 12 C° (with coarse powder). Before the 
blowpipe melts easily to a black glass in the flame of oil lamp. With micro- 
cosmic salt gives the reaction of silica, iron, manganese, and with difficulty 
that of titanium. Colors the flame yellow. Imperfectly decomposed by 
fusion with K H § O,, not acted upon by hydrochloric and sulphuric acid 
at atmospheric pressure, and very slowly decomposed with sulphuric acid 
in a sealed tube at 160 C°. 

Composition : Oxygen. 
SiO, 49.83 26.409 
TiO, 1.48 0.558 $ 27.164 5.702 
ZrO, 0.75 0.197 j 
Al,O, om trace 


Fe,0, = 15.88 4.764 


FeO == 17.95 3.985 

MnO 1.75 0.385 

to os, gece 6.928 1.454 
K,O 1.44 0.245 

MgO 0.41 0.164 

Ignition 0.20 


97.97 

R: RB :R=17:38: 48 

To obtain the atomic ratio, we have : 
Si 0.836 
Ti 0.017 Si = 0.0095 Quotient. Atoms. 
Zr 0.006 Si = 0.0020 i = 0.8475 8.56 
Fe 0.099 0.099 1.00 
Fe 0.249 0.278 2.809 
Mn 0.025 0.286 2.88 
Na 0.268 = 2.428 24.52 
K 0.031 Na = 0.018 
Mg = 0.010 Fe = 0.004 
O 2.428 

and the nearest symbol will be 


Si. 
Ig 
, VI Ox 
Fe, Fe Na, 
It is apparent that neither the oxygen ratio, nor the atomic ratio lead to 
a very satisfactory formula, in as much as the formula given contains one- 
half atom of oxygen more than required to satisfy the affinities of the 
metals. 
PROC. AMER. PHILOS. SOC. XVI. 99. 3m 
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Owing to the extreme cleavage of the mineral, a sufficiently thin section 
could not be prepared to allow a microscopical and optical examination ; 
and the presence or absence of minute particles of other species could 
therefore not be ascertained. The analysis was conducted with great care, 
of every constituent a check determination was obtained. Three alkali 
determinations gave identical results. Only the ferrous iron was but once 
determined. After being in sealed tube for nearly a week, the mineral 
was not completely decomposed. After titration I filtered from silica and 
undecomposed part, removed silica by sodium hydrate, and from the 
weight of residue I calculated the ferrous iron pro toto, In the face of the 
duplicate and closely agreeing determinations I cannot explain the defi- 
ciency of two per centum in the analysis. 


8. ZIRCON. 


Occurs in brilliant, mostly iron black crystals, imbedded in quartz or in 
astrophyllite. The size varies from microscopic dimensions to } inch py- 
ramidal edge. 

Orystallographical properties. The form is a combination P. .0P. OP. 
I observed the basal plane on every crystal which I examined. It is some- 
times very smal], but mostly very plainly developed and splendent. On one 
crystal it appeared distinctly rhomboid, and this induced me to measure 
the angles of the pyramidal edge, which I found 120° 56’; 128915’. But 
all other crystals gave as nearly 123° as the uneven faces could be expected 
to average. The rhomboidal crystal stands, therefore, alone as a distorted 
individual. The prism is generally very small, often only a splendent edge. 

When boiled with strong hydrochloric acid the black color disappears, 
and the substance exhibits a yellowish flesh color. The individuals appear 
corroded. Otherwise, physical characters identical with those of other 
localities. 

Specific gravity at 12 CO = 4.538. 

Composition : 

SiO, = 29.70 
ZrO, 60.98 
Fe,0, = 9.20 
MgO 0.30 


100.18 


The coarse powder ofthe mineral had been boiled for some time with strong 
hydrochloric acid, until no more iron was dissolved. The unusually large 
percentage of iron still shown by the analysis must reasonably be consid- 
ered as belonging to the mineral. 


Notrr.—While this paper is in press, I obtained other specimens from 
E] Paso County, in which a black mica occurs in large foliated masses, tra- 
versed by astrophyllite. This and another mineral, apparently arfvedsonite 
changed into a micaceous mineral, I am investigating at present. 
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A measured section of the Paleozoic Rocks of Central Pennsylvania, from 
the top of the Allegheny River Coal Series, down to the Trenton Limestone 
in the Lower, or Cambro-Silurian System. 


By CHarues A. ASHBURNER, 
Asst. 2d Geol. Surv. Pa. 
(Read before the American Philosophical Society, February 16, 1877.) 


The following long section of the Paleozoic strata of Huntingdon County, 
Pennsylvania, is the result of an instrumental study ofa district bounded 
on the west by Broad Top Mountain ; on the north by the East Broad Top 
Railroad ; on the east by Blacklog Valley ; on the south by Sideling Hill 
Creek. 

Two vertical sections were constructed along cross section lines, in a 
north-west direction, from the Trenton limestone of Blacklog Valley to 
the Broad Top coal basin, a number of other shorter sections were made 
along selected portions of the district between the two longer lines. 

The results of the measurements made on these several lines of survey, 
sufficiently near together to check one another, are given in the following 
pages. 

The whole height of the vertical section, from the top of the Mahoning 
sandstone in the Coal Measures down to the bottom of the Trenton lime- 
stone, is eighteen thousand three hundred and ninety-four feet (18,394/), 
distributed as follows : 

Carboniferous Strata*....... coeses. At least. 

Dewomlan Strate... scvcsccccccccecccccccccccesses 

CORDES IE vc ikcninckcc cae: viucecseeacns = 18,394’ 
Upper and Middle Silurian. ..............eeseecees 

Lower or Cambro-Silurian................at least. 2,370/ 

This section would therefore represent the record of a shaft or bore hole 
3} miles deep, sunk from the surface of the land of the Broad Top Coal 
Basin at Broad Top City. 

CARBONIFEROUS. 
No. XIII. 
Alleghany River (Lower Productive) Coal Measures. ... 


267. Mahoning Sandstone. A white conglomerate sandstone, 
containing a softer shaly mass and a coal bed............... 90/ 


* The base of the carboniferous being in dispute, the term is here made to in- 
clude the Pocono, Vespertine, or Upper Catskill, X, for reasons evident in the 
section. 

+ Geologists may include the Oriskany in the Devonian or in the Silurian as 
they see proper. 

t To get this total the measurements of the rocks above the Clinton lower olive 
shale at Saltillo are added to those of the rocks below that horizon at Orbisonia. 
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266. Sandstone and shale, containing a small bed of coal, in 
black slate and shale, a short distance below the bottom of the 
Mahoning Sandstone, probably representing Coal E, Upper 
Freeport. Lower part, directly above Coal D, hard, rather 
WROUEUS TENGE GOMIO Koes cic 0n'sin dd ch png eget keels cadena Pees 45/ 

265. Coal bed D, (top bench mine C) 2/1!" | 

264. Black fissile slate containing seams of coal vary- 
ing in thickness from } to $ inch............eeee00s: 0/4!’ 

263. Coal bed D, (middle bench),............. wowe 0/2 

262. Slate containing a stratum of sandstone about the 
centre 

261. Coal bed D, (bottom bench). 
the mines unmeasured 

260. Sandstone and shale ; black slate lower part 

259. Coal bed C, (top bench mine B) 

258. Hard grayish-black slate, (varying thickness). . .0/4/ 

257. Coal bed C, (bottom bench). Fireclay floor of 
the mines unmeasured 

256. Sandstone, shale and slate 

255. Coal bed B, (top bench mine A). ............ 1’ 6” 

254. Rock and fireclay 1° 4" 

253. Coal bed B, (bottom bench) 1/10’ 

252. Sandstone and shale 

251. Coal bed A, underlaid by a carbonaceous black fire- 
clay, commonly called black gravel 


No. XII 
Pottsville (Seral) Conglomerate ( Millstone Grit.)...........4+ 280/ 


8/10// 


Upper Member. Piedmont Sandstone. 


250. Upper member consisting of three parts, upper white 
and reddish white and gray flaggy sandstone and conglomer- 
ate ; in the middle part the conglomerate predominates, the 
pebbles are larger but irregularly distributed, the strata ex- 
hibiting false bedding to a marked degree; while the lower 
part is composed principally of thinly bedded and conglomer- 
atic sandstone 


Middle member (Kunawha River Coal Series). 


249. Sandstone and shale, sis ts 

248. Coal (Fireclay floor unmeasured)..............+- ‘ 
247. Less massive gray sandstone exhibiting false bedding.. 
246. Dark gray and black slate and slaty sandstone 


Lower member (Conglomerate proper. ) 


245. Hard massive gray sandstone, strata fractured in a per- 
pendicular and also oblique direction to the bedding, surfaces 
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stained and coated with ferric oxide, containing impressions 

of calamites, lepidodendra leaves and sigillaria.............. 10/ 
244. Upper part consists of a hard massive gray and white 

sandstone and conglomerate, the latter predominating toward 

the central part where the pebbles are large ; while in the 

lower part there is less conglomerate, the sandstone becoming 

dark gray and flaggy, containing micaceous specks......-...- 


No. XI. 
Mauch Chunk (Umbral) Red Shale.........+...++- 
Upper Member. 
243. Brown silicious and shaly hematite, varying thickness. 
242. Yellow argillaceous sand shale 5 + feet.............- 
241. Yellow and greenish-yellow flaggy sandstone with 
slight alternations of green argillaceous shale 20+ feet.... 
240. Red and gray sandstones, and shales, rather flaggy and 
argillaceous ....... 00.60 60seetind» 
[At the west end of Wray’s Hill Tunnel. } 

239. Very soft bright red shale....... Ceci wewec ans ¥ v.00 doe 59/ 
238. Hard grayish-red sandstone showing false bedding... 41’ 

237. Red sandstone containing white calcareous seams along 


150/ 


planes of Balun Teeth s oioink cs cae di vise déccccevescoccces 48’ 
236. Softer red sandstone....... aechewods ebb sdkabet ee 28/ 
235. Dark grayish-red sandstone, much harder and exbibit- 

ing false bedding and perpendicular fracture...... .......+. av 
234. Friable soft bright red sandstone and shale.......... 93 


[At the east end of Wray’s Hill Tunnel. ] 


233. Partly concealed. Probably composed of red and gray 
sandstone with alternations of red and gray shales and flags. . 300/ 
232. Probably red shales and sandstone Ti! 


Middle member (Mountain Limestone. ) 


SE a ie OO 55 akin cinta nda cedcdd dnc saesooces 38+ 
230. Red shale very argillaceous..,. .......c.sesccccccees 10 =’ 
229. Soft argillaceous red shale...........cccccceescesecs 5/ 

99 


228. Massive silicious red limestone (easily weathered) con- 
taining Terabratula Remingeri, Grammysia, Strophodonta, 


Rhynchonella...... RARER eingcccean aha bikes ¥cnaeanee 2/6/’ 
SGT: FOR SOE POT Sissel cet hs cic awen sé nasiecsccccrecsse 2! 
226. Red and gray mottled, calcareous shale (concretion- 

ary) contains Centronella .........- in ide pbelnes Meaese:e 3/ 
225. Red calcareous shale and limestone.................. 9/ 
224. Variegated red and gray massive limestone.......... 1/ 
223. Gray massive limestone.......c.ceerssescccnccccccs 3/ 
WE. SUC BRED. «2 oe eb cdasaneciee WeRine ons, 62 Cepacpaie 6/ 


221. Greenish-gray argillaceous limestone....... 
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Lower member. 


220. Concealed...... Sdbedédbsbacdsek Chatbaaanrs Oo 
219. Partly concealed. Probably composed of massive red 
silicious sandstone and shale with alternations of gray sand- 
pont te. TEE ee eee : ceo 110 
218. Coarse grained greenish-gray sandstone overlaid by red 


shale....... $abepasbesegneeeaabincesescscs 
217. Heavy argillaceous gray sand shale, conchoidal frac- 
ture containing streaks of hematite and manganese.......... 
216. Reddish-gray, sandy slate colored with ferric oxide... . 
215. Very hard, flinty greenish-gray, massive sandstone... 
214. Alternating brittle green and red shale.............- 


213. Hard, dark-gray sandy slate...........escessesesees 


No. X. 


Pocono ( Vespertine) Gray Sandstone 
Upper member. 

212. Partly concealed. Composed for the most part of hard, 
coarse grained, massive, brownish-gray and gray sandstone, 
alternating with thinly bedded and flaggy sandstone, and shale 
of the same color. Near the top a few beds of red shale and 
sandstone (esd weseuiedn iMacs aekteteoaee Oe’ 

[At the west end of Sideling Hill tunnel. ] 
211. Massive gray sandstone surfaces coated with ferric 


¢ "oO; 
2123 


210. Alternating massive gray and greenish-gray sandstone 
containing a twelve inch seam of black slate showing im- 
pressions of minute plants.............. 


Middle member, upper part. 
(New River Coal Series). 
209. Massive gray sandstone containing thin partingsofcoal. 29/ 
208. Gray argillaceous sand os BY 
207. Coal (seam No. 19)......... ee 24// 
206. Soft greenish-gray micaceous shale..... os fer 
205. Light gray, massive sandstone containing thin plates of 
coal and micaceous specks...... vis 56/ 
204. Sandstone containing thin partings of coal 1’ 
203. Soft, loose sandstone containing seams of coal, running 
irregularly through the mass, amounting in all to about 5 
MOMORs.. orcas : 
202. Massive sandstone containing in its lower part plates 
of coal ‘ eid és 
201. Poor, bony coal (Seam No. 18).... 
200. Sandstone. ....... 
190. Argillaceous GONG. .... ccc cece cocccscccscvcccccs 
198. Coal (Seam No. 17), maximum thickness 9 inches. 
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197. Argillaceous sand containing plates of coal 

196. Gray sandstone containing between the strata a great 
deal of loose sand. ........++. 

195. Gray sandstone containing nodules of pyrites and 
plates of coal in the upper portion of the mass 

194. Coal very much broken up. (Seam No. 16) 

193. Sandstone containing nodules of iron pyrites 

192. Coal (Seam No. 15) ; brilliant lustre, rhombohedral 
fracture, resembling bituminous coal 

191. Sandy fireclay........... 

190. Coal (Seam No. 14) 

189. Sandstone with thin partings of coal in the lower por- 
tion. 

188. 

187. Fireclay 

186. Shaly sandstone 

185. Coal (Seam No. 18) 

184. Alternating shaly and massive, gray sands‘one 

183. Poor bony coal (Seam No. 12)... 

182. Shaly sandstone...... 

181. Coal (Seam No. 11); very much broken up and asso- 
ciated with red sand 

180. Shaly sandstone...... 

179. Coal (Seam No. 10) maximum thickness 6 inches 

178. Shaly sandstone 

177. Coal (Seam No. 9) 

176. Shaly sandstone..... Hida e mae p eee ks poe be hehe meRs 

175. Coal with sandstone above and below (Seam No. 8) 

174. Gray sandstone....... 

73. Steel gray shale of a greasy lustre 

173: SCRE Cae TO... Tl. «00:65:00 ieee 600k od ess eet ase sce 

171. Fire clay 

170. Sandstone 

169. Coal (Seam No. 6)........ en nT Se ee ee 

168. Sandstone 

167. Coal (Seam No. 5) resembling very much specimens 
from Montgomery County, Virginia 

166. Soft sandstone 

165. Coal (Seam No. 4) 

164. Sandstone containing loose brown, argillaceous sand. . 

163. Loose sand shale, surfaces coated with acicular crys- 
tals of sulphate of alumina formed by the decomposition of 


162. Coal; very much broken up by false bedding and con- 
taining a great deal of iron pyrites (Seam No. 3) 

161. Massive, gray sandstone having a rhombohedral frac- 
ture and containing specks of slate and ferruginous matter... . 
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160. Coal (Seam No. 2); very much broken up by false 
bedding 

159. Soft, gray, shaly sandstone exhibiting false bedding. . 

158. Poor bony coal (Seam No. 1).........+. 


Middle member. Lower part. 

157. Soft, black shale containing plates of coal and impres- 
sions of minute plants, surfaces stained with ferric oxide ; al- 
ternating with a fine grained conglomerate containing mica- 
ceous specks........ Osececcocene eecee 

156. Yellowish-gray, argillaceous shale containing thin 
plates of coal. Surfaces showing ‘‘slicken sides.”’ 

155. Sandstone 

154. Black, carbonaceous slate enclosed in hard massive 
sandstone 

153. Hard, massive, gray sandstone — 

152. Hard, conglomeritic, light gray sandstone containing 
a few alternations of black slate 

151. Hard, massive sandstone alternating with gray slaty 
micaceous sandstone 

150. Soft, gray shale 

149. Alternating dark gray, flaggy and slaty sandstone con- 
taining micaceous scales 

148, Dark gray, argillaceous shale with talcy lustre 

147. Dark greenish-gray shale, with talcy lustre, contain- 
ing acicular crystals of sulphate of alumina formed by the 
decomposition of pyrites 

146. Soft, black slate. . 

145. Massive, gray sandstone 

144. Soft, gray, argillaceous shale 

143. Massive, hard gray sandstone.... 

142. Fine grained, light gray conglomerate alternating with 
thin strata of black micaceous sandstone....... 

141. Fine grained, dark gray, argillaceous shale alternating 
with a hard, gray sandstone interstratified with a black mi- 
caceous sandstone 

140. Massive, flinty gray sandstone alternating with yellow- 
ish-gray sandstone showing false bedding............ eweeeds 

139. Soft, gray shale 

138. Hard, gray sandstone 

137. Soft, gray shale 

136. Soft, yellowish gray shale of a talcy lustre 

135. Very hard, massive bluish-gray sandstone, with oc- 
casional seams of a lead-colored clay 

134. Hard, massive gray sandstone 

133. Gray slaty sandstone...... 

132. Carbonaceous shale 
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181. Gray shale............ 

130. Black coal slate..... 

129. Gray sand shale...... .. 

128. Black slate...... 

127. Hard, massive gray sandstone alternating with yellow- 
ish gray, argillaceous sand shales..... .......- 


Lower Member. 


126. Dark bluish-gray slaty sandstone alternating with a 
shale of close texture......... e606 dececese 
125. Alternating gray, green and yellow shale............ 
124. Green shale containing Cypricardina and Orthis, ... 


[At the East end of Sideling Hill Tunnel. ] 


123. Partly concealed. Alternating as above but softer.... 
122. Hard, coarse-grained reddish-gray sandstone alterna- 
ting with soft, yellow sandy shale 
121. Coarse-grained yellow sandstone. Surfaces stained 
with iron, alternating with grayish-brown sandstone ....... 
120. Alternating yellow, gray and green shaly sandstone. . 
119. Soft yellow, sandy shale interstratified with a gray 
flaggy sandstone, alternating with a brown sandstone contain- 
ing micaceous specks on st pase 
118. Flaggy olive sandstone alternating with a greenish- 
gray sandstone containing iron concretions. Partly con- 
CORIOGE. 0's 0 ccnanncoe atte nacasd esas sant eeees seas ose os 
117. Partly concealed. Soft green and olive sandstone alter- 
nating with soft, yellow, flaggy and hard, massive gray sand. 
stone containing ferruginous specks and having a distinct 
rhombohedral fracture.........csccccsseccccccccseses. cesses 440! 


DEVONIAN. 


No IX. 
Catskill (Ponent) Red Sandstone eb cenee-tes | re 


116. Concealed. Probably composed of red shales and 
sandstone alternating with white and gray sandstones.........17! 

115. Greenish-gray, slaty sandstone containing micaceous 
specks alternating with soft, bright red shale 

114. Massive, coarse-grained, reddish-gray sandstone alter 
nating with red shale and sandstone 

113. Very silicious brown hematite, thickness undeter 
mined, but variable......... 

112. Partly concealed. 
flaggy sandstone and shale alternating with massive yellow, 
gray and white shaly sandstone,............++-. 

111. Red, sandy and argillaceous shale; lower part contain- 


PROC. AMER. PHILOS. SOC. XVI. 99. 3N 
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ing fucoid stems and showing a fine exhibition of ripple 

marks..... 0 0nteceecescnsdpecessh sbadupebaees tke veeus cetenr eee 
110. Red, massive sandstone and shale with slight alterna- 

tions of green sandy shale and massive brown sandstone, par- 

ticularly toward the lower part...........ssececcscecee sees 140 * 
109. Red shale and sandstone alternating with gray shale 

and massive gray sandstone; containing small deposits of coal. 290/ 
108. Light yellow, sandy shale alternating with friable red 

shale; surfaces stained with bituminous matter. Lower part 

brownish-gray sandstone containing micaceous specks. ...... 60/ 


Transition Strata between IX and VIIT.........6.0+2+- 90! 


107. Yellowish-white, argillaceous sand shale lower part 
containing lepidodendra and calamites. ...............+2. . 8! 

106. Red sandstone and shale, containing ripple marks, 
with slight alternations of green shale..........0...0+seeee- 

105. Alternating olive-green sandstone and shale, lower part 
OE G6 GAEDAE SIGE COE iodo Kcknscsnvccse se0ce 

104. Greenish-gray sandstone and shale; upper 10 feet ¢ con- 
taining quartz crystals; lower part fossiliferous........ 

103. Alternating red sandstone and shale.... 

102. Green fissile shale...... 

101. ‘‘ Larry’s Cr. ore bed,’’ ranging from 4 inches to 1 foot 
thick, containing Spirifer disjuncta and Rhynchonella 

100. Green fissile shale containing two sandstone strata, 2 
inches thick, upper surfaces showing ripple marks and under 
surfaces containing impressions of fucoid stems 

99. Fossiliferous, brownish gray sandstone containing Spirt- 
Ser disjuncta, &e ; i tm nial mia nate eh ote Mialiiedh wit 

98. Dirty white sand shale containing plant impressions. 

97. Yellowish-red sandstone........ 

96. Red shale, easily weathered, containing occasional 
seams of sandstone and green shale a few inches thick....... 


No. VIII. 
Chemung ( Vergent) Shales..... 8% dieeeiccscccedy  10OY 


95. Partly concealed. Consisting, for the most part, of olive 
and brown argillaceous sandstone and shale, containing alter- 
nations of red fissile shale. Readily weathered into clay.... 245’ 
94. Massive dark-gray sandstone containing ferruginous 
specks alternating with reddish-gray, flaggy sandstone....... 15’ 
Upper part fossiliferous greenish gray sandstone; lower 
part alternating soft red and light green sandy shale......... 100/ 
92. Massive brown sandstone. Surfaces stained with iron 
and coated with minute quartz crystals, alternating with light 
red shale, showing impressions of fucoids................++- 70/ 
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91. Red, brown and gray sandstone. The lower part is com- 
posed principally of red and olive sand shale containing mica- 
ceous specks ; surfaces of the olive shale very much stained 
With fOMis cies cedersorcesse Coseeeecesedesereceseceuce 140’ 
90. Partly concealed. Consisting for the most part of hard, 
massive, gray and brown sandstone, containing micaceous 
specks, alternating with softer shaly strata...............-.. 500/ 
8, Partly concealed. Composed principally of massive, gray 
and brown sandstone, containing yellow and red specks, alter- 
nating with softer sandstone and shale ; the softer strata pre- 
dominating more than in No. 90, being marked by sharp 
narrow ravines running parallel with the strike............. 490/ 
88. Brown, green and gray massive and flaggy sandstone; 












-<- 


wee very much stained with iron. ....... DeGebes eee 6 <4 80/ 
Partly concealed. Consisting for the most part of red 

wi olive shale and sandstone; former predominating........ 100/ 
86. Massive reddish-brown sandstone containing micaceous 

SNOUED, bo ihen +:00pk SECA daNEe CE OKs ORF Adda s weR OSES ee® ~ae. 


85. Massive reddish-brown sandstone, containing micaceous 
syecks, and shale alternating with brown argillaceous sand- 
stone containing crinoid stems. ...0..ccccecccccsecccssecees 110/ 

























Portage ( 
84. Partly concealed. Consisting for the most part of hard, 
massive brown and gray sandstone with alternating strata, 
from 10’ to 30’ thick, of soft olive and gray shale, 
marked in some cases by sharp narrow ravines running 
parallel to the strike. .....ccccccccccccccccccvecccces 500! 


Vorgent): Page ss sciesisviveke ics ikl sve” SEO? 


83. Massive brown sandstone, containing iron specks, alter 
matioig WIG GHEE 05) c ctice cease edb shed tevenclesctoeegnes. a0 
82. Light fawn colored, argillaceous shale alternating with 
greenish yellow, flaggy sandstone; surfaces coated with minute 
QUATES CYR. 6. ec cc cccce Coseceseeessnoccecsecccoece ce TO 
81. Partly concealed. Composed principally of yellow, 
green and light olive shale alternating with occasional seams 
of brown and gray sandstone. ........cceseccccssecccsescee 140! 
89. Light fawn colored, yellow and green argillaceous shale 
alternating with soft olive brown and green flaggy sandstone; 
latter containing yellow and red specks and surfaces stained 


WIth 190M... ancasacden sieenmisbastoseeneh ed psidcsaawneeces 100 : 
79. Light olive shale with yellow and red stains, lower part 
Very fissile. .....ccccccecccecccccccercccrcccccsescoccccses 80/ 


78. Yellow shale containing a few alternating seams of 
sandstone...... siete obibules tad we Rae oh eaRe shiva 62 bb easeees * OOS 

77. Dark olive and yellow argillaceons iad bcicikrs cane 200 
76. Light olive shale containing alternations of thinly 


laminated sandstone strata, from 1 to 2 inches thick.......... 100/ 


- 
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75. Same in character as No. 76, but with the sandstone pre- 
CUUEROAIR, 0 0 0:ncs dab 08.6 nmin acdeub's hémns's ess Kaden se 
74. Dark olive shale containing seams of shaly sandstone, 
stained bright red with ferruginous matter. ............66+ 
73. Olive, red and yellow shale. ..........-seeeeeseeeeees 
72. Gray sandstone with a few alternating beds of olive shale. 
71. Fine grained, greenish-gray sandstone, in seams from 4 


to 6 inches thick, alternating with fine-grained, olive fissile 


Genesee (Cadent Upper) Slate........+.++- 


70. Partly concealed. Olive slaty and shaly sandstone al- 
ternating with brownish gray, flaggy sandstone and a few 
WOES OF GVO CRREG: ccc cdcvcetoncnce tenet neg Sedcheee sende 

69. Light olive and greenish-gray argillaceous shale and 

68. Partly concealed. Probably same in character as No. 

67. Dark olive, fissile slate with occasional seams of a bright 
brown-colored sandstone, 2 to 4 inches thick.............+.- 


|Feb. 16, 


Hamilton (Cadent) Shales..... sdvicheamtiws 


66. Partly concealed. Consisting for the most part of gray 
sandstone flags and shales containing fossils as in No. 65, but 
not as abundant. ....... ° Ce eccccceseccecoeces 

65. Upper part, hard, massive greenish-gray and flaggy olive 
sandstone, lower part light, olive, slaty sandstone. Surfaces 
very much stained with iron. Contains: Aviculopecten prin- 
ceps, Chonetes mucronatus and coronata, Grammysia, Spirifer 
granulifera and mucronatus, and Tentaculites. Alge more 
particularly Spirophyton caudagalli..... 


64. Partly concealed. Consisting for the most part of 
massive, gray and flaggy sandstone alternating with beds of 


thinly laminated, fissile shale (fossiliferous) ee a 


63. Thin, gray, calcareous, flaggy sandstone, and seams of 


greenish-gray, fragile sandstone alternating with gray and 
Gark Olive GhAls. ..ccccccgcceserecnes hb inna avn nes 


250/ 


; 
200 


100’ 


Marcellus (Cadent Lower) Black Slate........00eeeee: 


62. Partly concealed. Composed principally of gray and 
brown shale alternating with flaggy and slightly calcareous 
sandstone........ ; 

61. Argillaceous gray, olive and brown shale very much 
stained with iron and bituminous matter. ... 


60. Partly concealed. Consisting for the most part of 


brown, gray and black argillaceous shale with occasional 
GRUTRS OT COMENIOD is 0 oko Weccewectieceseicscccceccoececes 


200/ 


200/ 


171/ 
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59. Gray, shaly, argillaceous limestone alternating with 
greenish-gray lime-shale (local deposit?)..... 20’ 
58. Black fissile slate and shale, surfaces very much stained 
with iron and coated with bituminous matter....... coe 100’ 
57. Black slate and brown shale, surfaces stained with iron 
and coated with bituminous matter; the shale in the lower 
part directly above the iron ore bed is very argillaceous..... - 180’ 
56. Marcellus iron ore bed, varying thickness....... 


Upper Helderberg (Post Meridian) Limestone .......06.+4: 


55. Dark blue limestone Ne ecams of calcite........ 
54. 

58. Dark blue aiieaene Hmestome, ooesce cccerces 

52. Dark bluish-gray lime shale and light olive calcareous 


“Dark greenish-gray lime shale 
50. Concealed. Shaly limestone (?) 
49. Dark olive calcareous shale easily weathered 
48. Massive gray argillaceous limestone.. 
47. Fragile dark olive and yellow argillaceous limestone... 


46. Schoharie and Caudagalli, both wanting, but perhaps represented 
by clay and shale on top of the Oriskany, 


No. VII. 
Oriskany (Meridian) Sandstone 


45. Upper part ocherous clay, lower part coarse-grained fer- 

ruginous and calcareous sandstone..........- 

44, Friable sand containing solitiies 3 size of RPGR. .ccses 

43. Coarse-grained arenaceous sandstone more fragile than 
above and breaks into more irregular shapes. Mass stained 
with ferruginous matter and surfaces coated with red hematite. 
Contains : Cyrtoceras expansus, Dalmania micrurus, Eatonia 
peculiaris, Megambonia lamellosa, Orthis hipparionyz, Platy- 
ceras ventricosa, Pterinea texilis, Rensseleria marylandica, 
Rensselaria ovalis, Rensselaria ovoides, Spirifer arenosus, 
Spirifer arrectus. Oriskany hermatite ore bed, locally de- 
posited at the lower horizon 


SILURIAN. 
No. VI. 
Lower Helderberg. 


Lewistown (Pre-meridian) Limestone. .......02000+ 


42. Partly concealed. Upper part composed principally of 
shaly, argillaceous limestone with probably a few beds of crys- 
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talline limestone, while the lower part is made up principally 
of the latter. 

41. Massive, dark blue, crystalline limestone. . 

40. Massive, bluish-gray limestone, parts of which are 
characterized by a conchoidal fracture........ éeie> 

39. Massive, brownish-gray, and blue, crystalline Restate 
containing alternating beds of gray shale limestone.......... 

38. Massive, gray, crystalline and dark blue, argillaceous 
limestone with occasional beds of light gray, shaly limestone 
and lime shale. Contains: Acervularia, Alveolites minima, 
Alweolites, Astylospongia inornata, Merista levis, Orthis oblata, 
Pentamerus galeatus, Rhynchonella formosa, Astylospongia, 
Atrypa reticularis, Auloporu, Conophyllum, Merista arcuata, 
Stromatopora, Trematospira formosa, Zaphrentis 


Water-lime (Scalent) Cement Beds.... 


87. Partly concealed. Consisting for the most part of blue 
and gray, thinly laminated, argillaceous limestone......... 

86. More massive, bluish-gray, argillaceous limestone thinly 
laminated. The massive strata have a conchoidal fracture. . 

35. Massive, dark gray and bluish-gray limestone, surfaces 
coated with carbonaceous matter and showing ‘‘slicken sides.’’ 
Also contains calcite with a marked cleavage. Lower part 
contains impressions of fucoids and bivalve shells 

84. Partly concealed. Similar to No. 35 but containing 
lime shale..... “aie 

$3. Massive bluish-gray limestone alternating with slaty 
argillaceous limestone and green and yellow calcareous shale. 

82. Partly concealed. Principally yellow and gray, argilla- 
ceous lime shale 

$1. Gray and bluish-gray, slaty, argillaceous limestone and 
GRAN... 006008: pauses ewweteeees 

30. Thinly laminated, blue and yellow argillaceous lime- 
stone alternating with gray lime shale...........+... 

29. Brownish-gray and gray, slaty limestone containing 
seams of calcite. 

28. Bluish-gray y slaty inestone and lime shale. . 


Onondaga (Salina) (Scalent) Maris. 


27. Yellow, brown, gray and green, argillaceous and calca- 
SOOUD GRGIS..o cccssveccocceecevcccesseecseuds sven 

26. Partly concealed. Composed principally of olive and 
gray calcareous shale. ........... 

25. Gray, shaly limestone alternating with olive, calcareous 


24. Partly concealed. Composed for the most part of yellow 
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50’ 


100’ 
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and green, calcareous shale alternating with red, argillaceous 
GBB. oss sVaicdas meade had 00k veer een ht«<longs cance ese 
23. Partly concealed. Composed for the most part of green, 
llow and gray, calcareous shale alternating with red shale.. 150/ 
22. Olive and gray, calcareous shales with a few alternating 
beds of red Ga sisi Pes sed Fide cee caeniepsbavédesiavel OF 


No. V. 
Clinton (Surgent) Red Shale.........eseceeeeee 61145! 


21. Red, sandy shale containing irregular deposits of green 
shale. The red shale is more silicious and massive toward the 
upper part, where it exhibits a rhombohedral fracture...... 120 

20. Partly concealed. Probably composed of red, argilla- 
ceous shale containing alternations of green and gray, cal- 
CRPDOMDGIIIUN. 6 50.05 sc0 3k hace n0 0 00504 ess taepibatceceeseyessen BOC 

19. Red, shaly sandstone containing irregular seams of cal- 
cite, becoming argillaceous toward the bottom.............. 50/ 


Clinton upper Olive Shale........cceesececsee 162/ 


18. Gray, olive and yellow, calcareous shale containing 
seams of blue, fossiliferous limestone..............eeee0ee022 80! 
17. Olive and olive-brown, argillaceous and calcareous shale 
containing seams of blue, fossiliferous limestone............. 80/ 
16. Similar to No. 17, but containing more seams of lime- 
etonsd tetrad the Dolbomie es cece se ca vercceeseccscccccccens OY 
15. Blue and gray, argillaceous limestone alternating with 
dark olive shale ; lower part composed of light yellow, argilla- 
ceous lime shale, forming the hanging wall of the fossil ore 
bed. The Clinton upper olive shale contains the following 
fossils, more particularly in the lower part : Atrypa reticularis, 
Beyrichia lata, Buthotrephis gracilis, Dalmania limulurus, 
Homalonotus delphinocephaius, Orthis elegantula, Platyostoma 
niagarensis, Pterinia emacerata, Rhynchonella neglecta, 
Strophomena rhomboidalgs....ccccccccccccccccsccccescscesese 12/ 


CoN Cre Recs 36 kbc a08sbeebeicencas 


16. Sipmet Geel ome WaG... cs cececdnicdads ces cspss 10”) 
13. Red sandstone and white shale............-.. 12// + 3/ 
pe 8 ER EET \ 


These are asserted to be safe average thicknesses of these three beds, by 

H. G. H. Tarr, Superintendent of Rock Hill Iron and Coal Co. at Orbisonia, 
11. Ore Sandstone, Its upper part is composed of massive, 

yellow sandstone under ore bed at Rockhill, while at Saltillo 

the upper part is very calcareous. The central part is com 

posed of yellow and green, fossiliferous sandstone (crinoid 

stems) alternating with shale, while the lower part becomes 

WANG MOTE MARNE 6 ccdsscce ccc redbesedicvcccccectvessee OF 
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Clinton lower olive shalé.......s0ee0++ 

10. Yellow, gray and green, argillaceous shale weather- 
ing olive and claret color, near the lower part the sur- 
faces of the shale are stained with iron and bituminous 
matter.... SPOUT CCE ATRL is OF 

9. Same as No. 10. Lower part containing soft olive shale, 
showing impressions of crinoid stems (Three Springs), and 
red shale (Rockhill), containing by analysis 4.29 per cent. of 
soce 


metallic iron SUAS Rede aad hha SORE Oh ON Cows Ee seees 


No. IV. 
Medina (Levant) Sandstone.......0.eeeee+0+4 1880! 
8. Massive, white and light gray, fine-grained, hard sand- 
stone alternating near its upper limit with beds of red and 
greenish shale. Contains Arthrophycus harlani 
7. Soft, argillaceous brown and red sandstone and shale, the 
sandstone in the central part softer, and more friable and con- 
tains specks of ferruginous matter............ 


Oneida (Levant) Sandstone...... 


6. Redand greenish gray, silicious breccia and conglomerate. 158/ 
5. Hard, massive, greenish sandstone and gray conglomerate. 410/ 


No. III. 
Hudson River (Matinal) Shale........+++- 


4. Brown and bluish-gray shales and sandy slates, contain- 
ing especially in upper part beds of argillaceous sandstone. A 
reddish-gray shale in upper portion contains crinoid stems... 800/ = 


Utica (Matinal) Slates. 


3. Brown, brownish-gray and black fissile slate, parts very 
carbonaceous, toward lower part becomes slightly calcareous. 1070’ 


No. II. 
Trenton (Matinal) Limestone. 


2. Dark blue and bluish-gray, soft, argillaceous limestone, 


alternating with blue, calcareous shale particularly toward its 


ROOT TIES 6 crsiatis is cebhanedd dsesseecse roe ees cesincccers OY 


Caleiferous (Auroral) Magnesian Limestone. 


1. Massive, light-bluish-gray, magnesian limestone. Upper 
part only exposed, lower horizon below surface of erosion.... —— 


No. I. 


Potsdam Sandstone below the present surface. 





[ Ashburner. 


Notes to explain the above Section. 


The Section, although a continuous one of Carboniferous, Devonian and 
Silurian strata, is subdivided into groups which represent the long since 
recognized and generally accepted formations of the State Geological Re- 
ports of New Jersey, Pennsylvania and New York. 

The original numbering of these formations from I to XIII is the oldest 
attempt at a subdivision of the Paleozoic system, having been made in 
1836. The numbers were used as a provisional nomenclature in publish- 
ing the Annual Reports of the First Survey of Pennsylvania. They have 
been used more or less in all subsequent surveys by geologists. They are 
retained in this section as convenient symbols for ready reference, although 
they have lost much of their lithological and still more of their paleonto- 
logical value. 

The geographical nomenclature of the New York Final Reports of 1843 
and 1844, as well as the more poetical names afterwards adopted by Profes- 
sor Rogers for his Geology of Pennsylvania, published in 1858, are given 
with the numbers, although the formations to which they have been as- 
signed do not in all cases exactly correspond as to their upper and lower 
limits. 

Some new names will also be noticed, chiefly near the top of the section. 
Pottsville Conglomerate, Mauch Chunk Red Shale and Pocono Sandstone 
are geographical synonyms for XII, XI and X,—or for Seral, Umbral and 
Vespertine,—proposed by the present State Geologist, to fill the gap at 
present existing in the geographical nomenclature of the Paleozoic rocks 
between the Catskill Fornlation and the Alleghany River Coal Measures. 
As IX and X together make up the mass of the Catskill Mountains, yet 
have always been regarded as separate formations, and as there is a 
geological objection to distinguishing them as Lower and Upper Catskill, 
the fact that X constitutes the mass of the Pocono Mountains in Penn- 
sylvania, has been taken advantage of to provide it with an analogous 
geographical and euphonious name. 

Mauch Chunk and Pottsville, where XI and XII have their maximum 
development, are important and well-known places, and there seems to be 
no valid objection to applying these names to those formations. 

Much lower down in the Section a subdivision of the Lower Helderberg 
group, a limestone formation of unusual thickness, is named from the 
borough of Lewistown, one of the most important places on the Juniate 
River, where this limestone attains its maximum of size. A special name 
for the limestoue is called for, because it cannot yet be certainly identified 
with any special one member of the Lower Helderberg Series. 

As to the thicknesses assigned to the divisions and subdivisions of the 
Section, it must be understood that they were obtained partly by direct 
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measurement of single outcrops, or series of outcrops, —partly by geometrical 
construction of a vertical section along one line, and by means of occasional, 
but neighboring outcrops,—and partly by construction on one or more 
lines of observation. 


The planes or horizons between the groups and formations of the Section 
are in some cases arbitrarily assumed, being based exclusively neither upon 
lithological nor paleontological grounds, as the descriptive text of the 
section shows. In a number of instances the division or subdivision line 
has been necessarily drawn at the end of an exposure, or at a sudden break 
in, or change of, the topography. 

The section must therefore be taken only for what it is worth, but by no 
means as a complete, authorative or final statement of the constitution of 
the Paleozoic system in Middle Pennsy)vania. Many of its lucune will 
no doubt be filled up by future explorers, and some of its zero points shifted 
the better to agree with the true succession of deposits. 


No. XIIT. Alleghany River (Lower Productive) Coal Measures. 


The Mahoniny Sandstone at the top of the Section has commonly been 
considered the base rock of the Barren Measures, or Lower Barren 
Measures, of the great Bituminous Coal Field of Westera Pennsylvania. 
But as it may with equal propriety be accounted the top rock of the Lower 
Productive Coal System (being in fact known as ‘‘The Top Rock”’ on 
Broad Top), and as the Alleghany River Coal Series must be taken (as 
Mr. Platt’s report on Somerset Co. will show) to include the entire 
890 feet of Coal Measures from the Pittsburgh Coal Bed down to the 
Po‘tsville Conglomerate (or even lower still), no mention of Barren 
Measures has been made in this Section. 


The Mahoning Sandstone, No. 267 of the section, caps the hill to the 
north-west of Robertsdale in the East Broad Top or Trough Creek Coal 
Basin, where the top of the section ends. It is given a thickness of 90 
feet ; a portion of it may have been eroded from the surface of the hill. 


The coal measures beneath it (Nos. 266 to 251 inclusive,) are 174 feet 
thick and consist of shales, slates and sandstones, containing 3 work- 
able seams of coal (2 benches each). On account of a number of rolls 
in the strata and the varying dip of the rocks at Robertsdale, where the 
coals have been most extensively developed, and for the want of a sys- 
tem of levels throughout the workings on the coal seams, it was 
impossible, with any degree of certainty, to determine the precise inter- 
vals between the several coal beds. The given thicknesses between 
the coals are only approximate, and may be found to vary as much 
as 10 feet, although the total thickness of the series is probably as fair an 
estimate as can be made. If the classification which is proposed for the 
coal seams shall be verified by actual development, it gives us a means of 
comparison with the Alleghany series in Western Pennsylvania. 
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XII. Pottsville (Seral) Conglomerate, (Millstone Grit). 


Upper member (Piedmont sandstone) No. 250......... 
Middle ‘“ (Kanawha River series’, Nos. 249, 48, 47, 46.. 40/ } 280/ 
Lower ‘“ (No. XII proper) Nos. 245 and 244...........  80/ 


1. The Upper member, or (Piedmont sandstone) consists of three parts : 
upper white and reddish-white and gray, flaggy sandstone and conglomer- 
ate ; in the middle part the conglomerate predominates, the pebbles here 
being the largest, but very irregularly distributed, while the strata them- 
selves exhibit false bedding in a marked degree. The lower part of this 
member is composed, principally, of thinly bedded and conglomeritic 
sandstone. 

The beds of conglomerate do not seem to be persistent. It would appear 
as if a bed, in force in one locality, feathers out from a centre of maximum 
thickness in all directions and disappears entirely, while an upper or lower 
conglomerate bed has its minimum thickness at the very locality where the 
other is at its thickest. 

Dr. Newberry, in Vol. II, Geology of Ohio, p. 107, suggests the origin 
of the conglomerate in No. XII as being due to icebergs. He says, ‘‘ From 
the similarity of the deposits now being made by icebergs, over various 
portions of the sea bottom, with those made by the same agency during 
the Drift Period, and of both to the materials composing the carboniferous 
conglomerate, I have suggested the possibility that they might all be pro- 
ducts of the same agency. In this view the conglomerate should be com- 
pared with the kames and eskers of the drift. This theory, however, is 
not insisted upon, but is simply a suggestion, which has sprung froma 
conviction of the entire inadequacy of any other solution of the problem 
yet offered.’’ 

2. The middle member, or Kanawha River Coal Series, so named from its 
great development along the Kanawha River, in West Virginia, consists 
of sandstones and shales containing a seam of coal, No. 248, about 2 feet 
thick, which represents undoubtedly the Mount Savage coal bed. This 
set of beds resembles strongly in general character the rocks of the lower 
productive coal measures. 

The coal bed No. 248 is overlaid by sandstone and shale No. 249, and 
underlaid by massive gray sandstone No. 247, exhibiting false bedding, 
with probably a bed of fireclay between the sandstone and coal. The 
seam was located in many places on Wray’s Hill and Rocky Ridge, but 
there was only one locality (Rocky Ridge, west end of Wray’s Hill tun- 
nel) where its thickness could be determined and it was impossible on ac- 
count of water in the opening to ascertain the exact nature of the under- 
lying stratum. 

No. 246 at the bottom of the middle member is 7 feet thick and (i7 feet 
below the coal seam) is composed of dark gray and black slate and slaty 
sandstone ; the slate predominating. A small seam of coal was reported 
to have been found in the black slate, but it is a little doubtful, as no traces 
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of its existence could be found, although some parts of the slate itself 
seem to be slightly carbonaceous. The whole member is quite argillaceous 
and contains a great deal of oxide of iron, which, on weathering, renders 
the surfaces of the strata of a dull brown color. 

3. The lower member, or Conglomerate proper is for the upper ten feet 
composed of (No. 245) hard, massive, gray sandstone ; the surfaces are 
very much coated with iron, and the layers contain a great many floral 
impressions (lepidodendra, calamites and sigillaria). 

The remaining 70 feet of this member Consists (in the upper part) of a 
hard, massive, gray and white sandstone and conglomerate, the latter pre- 
dominating toward the central part, where the pebbles are larger. In the 
lower part there is less conglomerate, the sandstone becoming dark gray 
and flaggy and containing micaceous specks. 

A careful study of the section reveals some very sharp horizons between 
sandstone, shale and slate, and coal and sandstone, conveying the idea of 
sudden and great changes of the conditions attending the deposit. 

In Clinton county, in north central Pennsylvania, [ have measured the 
conglomerate (probably lower member) and found it only 25 feet thick. 
To the south-west of Broad Top the series expands very rapidly, the expan- 
sion taking place in the middle member. At Pottsville No. XII is 10380/ 
thick. 

On the Kanawha River, in Raleigh Co. West Virginia, Prof. W. M. 
Fontaine reports the following section (Silliman’s Journal, April, 1876) : 

Upper conglomerate 150 to 200 feet thick. 

Kanawha coal series (Fontaine’s New River Series), composed of sand- 
stones, shales and slates, containing nine seams of coal, whose aggregate 
thickness is 20 feet. The coals occur in the centre and toward the top of 
the series. Thickness 967 feet. 

Lower conglomerate, thickness 80 feet. 

The thickness of the upper and lower members at Broad Top and on 
the Kanawha River is the same, while the middle (coal-bearing strata) 
on the Kanawha is 24 times thicker than the same series at Broad Top. 

A number of years ago Prof. Lesley reported on two workable beds of 
coal in Montgomery county, Virginia, and his discovery of more than a 
dozen coal beds along the western flank of Peak Mountain in Wythe County, 
in No. X. and named the coal series after the New River. This name, 
takes precedency of Prof. Fontaine’s name of New River, applied in recent 
publications, to the Conglomerate coal series, of No. XII which Mr. Les- 
ley therefore proposes to call the Kanawha River series. 


No. XI. Mauch Chunk ( Umbral) red shale. 


Upper member (shales and sandstones) 243 to 282............ 910/ 
Middle ‘“ (mountain limestone) 231 to 22i1........ eeseee 49/3 1100’ 
Lower “A (shales and sandstones) 220 to 213............ 141’ ; 

1. The upper member is made up of red shales and sandstones, with alter- 
nations of gray, flaggy sandstone and shale. Its upper limit is well-defined 
by a gray mottled carbonate of iron, No 243, which, along its out-crop has 
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been oxidized by the action of the atmosphere, and is changed from a pro- 
to-carbonate offron into a brown peroxide. 

In many places on Wray’s Hill in Todd and Carbon Townships, the 
blossom of the ore bed, along its outcrop, is a silicious and shaly brown 
hematite, and on Iron Knob, directly to the south of Wray’s Hill tunnel, 
loose fragments of the ore were found as a very silicious brown hematite 
associated with and containing pieces of red and green shale. 

The lower limit of this upper member is placed on the red, shaly lime- 
stone of the middle member. The three-fold character of the upper mem- 
ber, which Professor William B. Rogers mentions as being everywhere dis- 
cernible in Virginia, is to some extent to be noticed here, for we have the 
upper 209 feet formed of variegated and alternating red and gray sandstones 
and shale ; directly below.this 524 feet of harder strata composed princi- 
pally of gray and réd sandstones, flags and shale, the upper part exhibit- 
ting fulse bedding ; while the 177 feet immediately above the limestone are 
made up of red shales and sandstones, the former predominating. We then 
have the following sub-divisions of this upper member :—a, from Nos. 243 
to 239 inclusive ;—d, from 238 to 233 ;—c, 232. 

The No. 242 seems to be a persistent associate of the overlying ore bed, 
it is extremely argillaceous and at times seems to be formed of clay. Small 
specks of carbonaceous matter were found scattered through the mass on 
the southeast flank of Wray’s Hill near the road crossing to Cook’s station. 

No. 241 is, probably, more variable in character than 242. In some locali- 
ties it seems to change into, or be replaced by, red shale, not being dis 
tinguishable from 240. 

No, 240 and 239 are more like argillaceous marlites, easily weathering, 
and producing a deep red soil. 

On account of the very imperfect exposure of this part of No. XI, the 
section may not reveal the minuter and more important alternations of 
the strata which doubtless exist. 

Professor Rogers (Final Report, Vol. I, p. 531) says, ‘‘ These strata be- 
come more silicious as they approach the Conglomerate, and in the form of 
green, buff and hard reddish argillaceous sandstones embrace impure cal- 
sareous beds.’’ The relative position of these beds will appear from the 
following observations made on the west flank of Broad Top Mountain, 
half a mile below Riddlesburg. 

(17.) No. XII, seral conglomerate not 100 feet thick, the lowest coal bed 
above it being only about 100 feet above the limestone No. 14. 

(16.) Interval of a few feet unknown. 

(15.) Silicious slate, dull brown color, 10 feet. 

(14.) Limestone, hard, silicious, reddish, embracing plates of red shale ; 
its fragments strew a blank space of 40 feet, occupied probably by red 
shale below its apparent outcrop. 

(13.) Sandstone, fine-grained, micaceous, green, passing downwards into 
olive shale, 20 feet. 

(12.) Sandstone, gray, 3 feet (exposed). 
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(11.) Interval, 10 feet, probably red shale. 
(10.) Sandstone, laminated, greenish-gray, micaceous, 3 feet (exposed). 

(9.) Shale and fine, micaceous, argillaceous sandstone, 20 feet. 

(8.) Sandstone, ferruginous, massive, close-grained. 

(7.) Sandstone, coarse-grained, massive and distinct quartz grains in 
contact, apparently cemented by an oxide of iron resembling the Clinton 
Block ore near Beavertown, Union County. Thickness 3 feet. 

(6.) Sandstone, rather massive, greenish, interstratified with green and 
red shales, 20 feet. 

(5.) Sandstone, dirty green, pretty compact, becoming micaceous down- 
wards, brown and very ferruginous, 13 feet. 

(4.) Limestone, greenish, very silicious with pebbles and plates of green 
shale, hard and weathering with a worm-eaten aspect, 2 feet. 

(3.) Sandstone, green, argillaceous, micaceous, laminated, 7 feet. 

(2.) Interval, 45 teet 

(1.) Sandstone, light brown, micaceous, laminated! beneath the red 
shale at the river bank. 


This section from the base of the Conglomerate No. XII down to the 
bottom of (2) shows a measured thickness of 196 feet, with two un- 
measured intervals, (8) and (16.) 

The whole aggregate thickness from the base of No. XII to the red shale 
at water level would probably be between 200 and 220 fect. The distance 
between the two sections at Wray’s Hill and Riddlesburg is about 9 miles 
(air line). As the thickness of No, XI in that distance would probably not 
vary appreciably, the Riddlesburg section may be said to represent 
a of the upper member at Wray’s Hill. The general character of the 
two is somewhat similar, the difference being no greater than might be 
expected when the circumstances under which the deposit was made are 
taken into consideration. 

The coal seam, which is mentioned in (17) as occurring 100 feet above the 
limestone (14) is not, as reported above, in the ‘‘lower productive coals,’’ 
but is an interconglomerate coal found between the upper and lower con- 
glomerate members of No. XII, and probably identical with the coal bed 
No. 248 of our section. 


»b. This part is composed principally of gray and red sandstones, 
flags and shales, and is 520 + feet thick. It is somewhat harder 
than the overlying mass and exhibits false bedding in the sandstones 
toward the top, as seen in Wray’s Hill tunnel ; the seams along the bed- 
ding containing calcite. 

The strata here are not as argillaceous as those in the lower part of the 
member. 

‘*¢e.’’ The lower subdivision is made up of very argillaceous shales and 
sandstones, easily weathered, forming a deep red-colored, clayey soil. 

At Richmond Falls on the New River, W. Va., this series has a 
thickness of 1450 feet, distributed as follows: 3. Upper red and variegated 
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shales, 310 feet. 2. Middle gray and greenish sandstones, 820 feet. 
Lower red shales and sandstones, 320 feet. 
At Quinnimont on the Kanawha River, the transition layers between 
No. XI and No. XII are shown in the following section : 
5. Black fissile slates and shales, 20 feet.............0..cecceees 
4. Thinly laminated, gray flags and calcareous shales contain- 
ing in the upper part carbonaceous shales and strings of coal, 50 ft. 
- Variegated marlites with some nodular limestones, 70 feet.... 
. Gray calcareous sandstone, 20 feet...........ccccecccccecces 
1. Bright red shales, seen 50 feet... ......0-ccccciccscecccccece 


\ 210/ 


No coal was found in this series in Huntingdon County. 

Prof. Wm. B. Rogers mentions a coal under the Conglomerate on little 
Sewell Mountain, which he queries equivalent to the Sharon Coal of West- 
ern Pennsylvania. He also notes the occurrence of & seam 4 feet thick in 
subdivision 6 west of Lewisburg, Greenbrier County,Va., and of two 
beds in Montgomery Co., one from 2 to 34 feet thick, and the other from 6 
to 9 feet thick composed principally of slate. 


2. The middle member (Mountain Limestone) is made up of red and gray 
argillaceous limestone and red shale. The limestone and shale alternate so 
irregularly that it is hardly possible to distinguish any well-marked subdi- 
visions. The whole thickness of this member is 49 feet, the correctness of 
which depends upon the identification of the variegated red and gray 
massive limestone No, 224 at New Grenada with that at the quarry 
worked by John Whitney, near Todd P. O. 

The thickness of the series exposed at New Grenada is 35 + feet. At the 
quarry worked by Whitney the highest limestone stratum exposed is No. 
229, and the lowest No. 221, making 36 feet in all. But if the variegated 
red and gray limestone bed at New Grenada be the same as that near Todd 
P. O., then we neither found the lowest stratum at the former locality nor 
the highest at the latter; but the lowest exposure at New Grenada is 14 
feet above the bottom of the series, while the highest near Todd P. O. is 
13 feet below the top. The possible error (in the event of the erroneous 
identification of limestone No. 224) is 13 feet, whieh would make the 
thickness 36 feet instead of 49. 


An analysis of the section shows the following divisions : 


( Red limestone No 231.......... Sees cect eH 
Upper Red shale Nos. 229 and 2380............e00e00- 
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Red and gray limestone Nos. 225, 224 and 223..........18/ 
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Middle { Red and gray calcareous shale Nos. 227 

























Ashburner, } 540 [Feb. 16, 





On account of the great variability of the limestone beds, the above can 
hardly be proposed as a distinct division characteristic of the series. 

To bring the section into accord with observations made at other locali- 
ties, in the bituminous region of the State, it might be well for conve- 
nience of comparison to divide the series into an upper and a lower lime- 
stone member, separated by a middle mass of shale, as indicated. 

Where the limestone was studied in Smith’s and Plank Cabin Valleys, 
the upper member is composed of more impure and argillaceous beds than 
the lower, and the only parts of the series which have as yet proved of any 
very great economical value, are the variegated red and gray limestone 
No. 224, and the more massive gray stratum No, 223, the latter by analysis 
containing 92.32 per cent. of carbonate of lime. 

In two localities fossil remains were found in the wpper member. In 
Well’s Valley to the south of Broad Top Mountain, near Wishard’s old 
saw mill, a bivalve shell and a coral were found (Roger’s Vol. I page 530), 
and at the quarry near Todd P. O., in Plank Cabin Valley, the following 
genera and species were collected from stratum No. 228, Grammysia, 
Strophodonta, Rhynchonella and Terabratula Remingerit. In No. 226 a 
Centronella was disclosed. A close study of the outcrop in Plank Cabin 
Valley would no doubt result in the finding of other species. 

Prof. Rogers (Vol. I, page 472) reports that this limestone series can be 
traced from the Conemaugh River along Chestnut and Laurel Ridges to 
the Southern boundary of the State. 

‘*It oceurs as a more or less silicious limestone, containing well rounded 
grains of sand of a light blue color, sometimes having a yellowish tint. 
The upper part is remarkably full of fossils as is also the central mass of 
shale,’’ 

The series seems to feather to the north on the Alleghany Mountain near 
the sources of the Conemaugh, gradually augmenting through the southern 
part of the State and Maryiand until in Greenbrier Mountain, Pocahontas 
County, W. Va., it attains a thickness of 822 feet, known as the Lewis- 
burg limestone. It ranges in force still further south through Eastern 
Tennessee and Northern Alabama to the end of the Appalachian coal belt 
in the latter State. In the west the mountain limestone is known as the 
St, Louis and Chester groups. 

Prof. Fontaine (Silliman’s Journal, Jan. 1877) proposes the mountain 
limestone for a base to the Umbral (Mauch Chunk) No. XI; first, on ac 
count of the physical character and composition of the red shales between 
the Vespertine (X) and the limestone ; second, on account of the subordi- 
nate position which the limestone would otherwise occupy in the compara 
tively restricted Umbral Series. 


There are several objections to this classification : 

ist. Although the red shale which occurs under the Mountain Limestone 
undergoes a rapid and progressive attenuation to the west and south-west, 
the limestone itself is not found in the anthracite region where the Mauch 
Chunk series has its greatest development, and is a red shale formation 
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**par excellence,’’ having a thickness of 3000 feet at Mauch Chunk on the 
Lehigh river. 

2d. There is no marked distinction in physical aspect or composition 
between the lower and upper members of No. XI either in Western Penn- 
sylvania, where the limestone is found, or in Eastern Pennsylvania, where 
it is entirely wanting. 

3d. The topography produced by the upper member of No. X is so 
different from that produced by the red shale XI below the limestone as 
to suggest a classical distinction between the two. 

The lower member is made up principally of red sandstones and shales ; 
with alternations of coarse-grained, gray and greenish-gray, flaggy sand- 
stones and shales ; the latter predominating toward the bottom. 

The lower member is devoid of all remains of fossil life, as is also the 
upper member. 

In the layers transitional between the Umbral (XI) and Vespertine (X) 
occurs an iron ore bed of some local importance in Trough Creek basin. 
Its precise stratigraphical position was not determined; but it is 
probably not far above what we have considered as being the top of No. X. 

This ore of XI has been developed to some extent at the old workings 
of the Trough Creek furnace, at the eastern base of Terrace Mountain. 
‘*Here the bed occurred in balls closely imbedded in a little earth and 
was of a number of varieties.’”’ (Rogers, Vol. I, page 529.) ‘‘Several of 
these varieties were of a common compact brown ore, seldom exhibiting 
any hematitic structure, but having a smooth jaspery surface and brittle 
fracture.’’ 

‘The Hopewell ore-openings display the ore bed on both sides of the 
gap cut through Terrace Mountain by Yellow creek. A tunnel 90 feet 
long reached the ore on the south side of the gap 90 feet below its outcrop, 
the ore being from 20 inches to 3 feet thick, interposed between the sand- 
stone below and the red shale above, and interstratified with more or less 
clay. The adjoining red shale lies in thick but very soft strata, is friable 
and of an intense red color directly below the ore. Thin layers of a more 
sandy ore are interleaved with the red shale.’’ 

The three horizons of economical importance are therefore : 

1, that of the Ore bed directly under conglomerate No. XII ; 

2, that of the Mountain limestone ; 

3, that of the Ore bed directly above No. X. 


No. X. 
Pocono ( Vespertine) Sandstone. 


Upper member (massive and flaggy sandstone), 
Nos. 212, 211 and 210 610 feet. 
Middle member, 1. Coal bearing strata Nos. 209 
to 158 inclusive, (New River series) 313 
2. Conglomeritic strata, characterized by 


693“ 2133) 


false bedding, Nos. 157 to 127 inclusive 380 | 
Lower member (sandstone and shale), (Nos. 126 to 117) 830 « 
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The series might be more properly divided into four members ; but as the 
conglomerate beds and coal-bearing strata of the middle member are 
always found where coal beds have been discovered, the latter above the 
former, I have preferred to consider these two formations, which in them- 
selves are so distinct, as constituting one member. 

The upper member of the series is composed of coarse-grained, massive, 
brownish-gray and gray sandstone, alternating with thinly bedded and 
flaggy sandstones of the same color. Near the top there are a few beds of 
red shale and sandstone ; and towards the bottom there are beds of black 
slate containing floral impressions. 

The transition of the shales and sandstones of the lower member of No. 
XI into this upper member of No. X is rather sudden. The bottom 
of No. XI is rather argillaceous, while the top of No. X is very 
silicious ; the sandstones in the former (XI) are fine-grained, thinly bedded 
and flaggy, while those in the latter (X) are coarse-grained, more 
massive, and recur with fewer alternations of shale than in the 
former case. The strata are thicker and the change from sandstone 
to shale less frequent. The upper member of X generally forms the flank of 
the ridge or mountain whose crest is formed by the lower part of the mid 
dle member. The eroded surface of the mountain being very nearly a 
plane surface, although sloping of course at a pretty high angle, it is seldom 
cut by streams running transversely to the strike, such as produce the gul- 
lies which are so characteristic of that flank of a mountain of Medina 
and Oneida (No, IV) formed by the Hudson shales; in fact the drainage 
is generally effected solely by the stream at the base of the mountain, 
following it in a parallel direction 

The topography of the lower member of No. XI is very marked and 
quite different from that just described. It generally presents itself as a 
chain or succession of little hills or knolls, containing the outcrop 
of the limestone beds of XI, and separated by depressions through 
which the small streams descending from the flank of the mountain of 
XII, break just before they join the main stream of the valley flowing 
along the foot of the mountain of X. In the district lying east of the 
Broad Top Mountain the place to look for the limestone beds is alongside 
of and close to the principal stream, which therefore flows along 
the eroded outcrops of the soft red shales below the limestone. This sug- 
gests a third reason why the top of the Pocono or Vespertine sandstone 
should not be considered the base of the mountain limestone. 


The middle member of X is subdivided into : 


1, Coal-bearing strata, New River series. 
2. Conglomerate and conglomeritic sandstone, characterized by false 
bedding. 


The coal-bearing strata contain 19 seams of coal, with an average indi- 
vidual thickness of one inch and a half. Their thickness, if, added to- 
gether and combined with that of the numerous thinner seams and partings 
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scattered through the strata, and not precisely located in the section, would 
be sufficient to form a solid seam of coal about four feet thick. 

The following analysis of the section shows the position of each coal bed 
and the feet of interval between, formed generally of sandstone : 


29 feet 5 inches. Sandstone, Nos. 209 and 208,—at the top. 


a 24/’ Coal (seam No. 19), No. 207. 
a ee Sandstone, Nos. 206 to 202 inclusive. 
2/’ Coal (seam No. 18), No. 201. 
 * |: > Sandstone, Nos. 200 and 199. 
3’ Coal (Seam No. 17), No. 198. 
Bt BR. Sandstone, Nos. 197, 196 and 195. 
1’’ Coal (seam No. 16), No, 194. 
Sm Sandstone, No. 193. 
1’’ Coal (seam No. 15), No. 192. 
S * Sandy fireclay, No. 191. 
1’’ Coal (seam No, 14), No. 190. 
ma Sie Sandstone, Nos. 189 to 186 inclusive. 
1’’ Coal (seam No. 13), No. 185. 
e? @ Sandstone, No. 184. 
3/’ Coal (seam No. 12), No, 183. 
= © Sandstone, No. 182. 
. 1’’ Coal (seam No. 11), No. 181. 
4 0 Sandstone, No 180. 
3’ Coal (seam No, 10), No. 179. 
ey Sandstone, No. 178. 
1’’ Coal (seam No. 9), No. 177. 
i @ Sandstone, No. 176. 
1’ Coal (seam No. 8), No. 175. 
a6 eS Sandstone, No. 174 and shale No. 173 directly above coal. 
1’’ Coal (seam No. 7), No. 172. 
eee Fireclay, No. 171. 
7 © Sandstone, No, 170. 
1’ Coal (seam No. 6), No. 169. 
ie Sandstone, No. 168. 
ee 2’’ Coal (seam No. 5), 167. 


oi Sandstone, No. 166. 
2/’ Coal (seam No, 4), No. 165. 


ma.” © Sandstone, Nos. 164 and 163. 
2/’ Coal (seam No. 3), No. 162. 
28 * 0 Sandstone, No. 161. 
1’’ Coal (seam No. 2) No. 160. 
= 'S Sandstone, 159. 


1’’ Coal (seam No. 1), No. 158, at the bottom. 


Y 


Fireclay occurs only under seams No. 7 and 15; that under No. 15, 
being very sandy. 
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The sandstone between the several seams has a great sameness of charac- 
acter, and is very much broken up by false bedding and fractures ; in many 
cases it contains thin seams or partings of coal. The numbered seams and 
partings generally lie parallel with the true bedding of the strata, although 
in many instances they are found along the planes of false bedding. 
The thicknesses are very variable, in places increasing from 1 and 2 inches 
up to 10 inches and 1 foot; and sometimes a seam will be very much 
broken up and separated by a mass of sandstone, which splits the bed for 
some distance, but afterwards disappears, permitting the severed portions 
to unite again. 

The almost total absence of fireclays under the coalseams, and the occur- 
rence of coarse sandstone in many places directly above them seems to 
show that the coal has been derived from plants which may have grown 
at some distance from the locality and been afterwards floated and caught 
in the falling sediment, forming ‘‘drifi beds.’’ The period was undoubt- 
edly one of continuous local current agitation as indicated by the coarse- 
ness and false bedding of the strata. 

The lower part of the middle member is characterized more particularly 
by its beds of conglomerate and conglomeritic sandstone, both of which 
exhibit false bedding in a marked degree. 

At the top of it directly under coal seam No. 1, comes No. 157 of the 
section, 25 feet thick, composed of soft black shale containing plates of coal 
and impressions of minute plants, alternating with a fine-grained conglom- 
erate which contains micaceous specks. The surfaces of the shale are very 
much stained with iron. Directly below these alternating beds occur (No. 
156) 26 feet of a yellowish-gray argillaceous shale also containing plates of 
coal and showing ‘“‘slickensides,’’ giving evidence of some contortion and 
slipping of the strata. 

The first well defined and massive sandstone (No. 155 of the series) oc- 
curs below the shale ; is 9 feet thick and is separated by 2 inches of black 
carbonaceous slate (No. 154) from 113 feet (Nos. 158, 152 and 151) of hard 
massive and conglomeritic sandstone, showing a greater amount of false 
bedding than any other part of the section. No. 152 contains a few alterna- 
ting beds of blaek slate, but is en masse the hardest and most massive 
part of the Pocono or No. X epoch. It forms the crest of Sideling Hill, ap- 
parently throughout its whole extent ; its position in the mountain can be 
seen both in Sideling Hill creek section and E. B. T. R. R. section accom- 
panying the report of the Aughwick Valley. Below these harder and more 
massive strata there are 82/ 7’ (Nos. 150 to 144 inclusive) of shale, with a 
few beds of sandstone, the whole underlaid again by 25 feet of hard, mas- 
sive sandstone (No. 148), and 13 feet (No. 142) of fine-grained conglom- 
erate containing thin beds of black micaceous sandstone. 


The general character of the section below this part is as follows : 


Shale and sandstone (No: 141)......cccseccccccccscsccsccevsss 26 feet. 
Massive sandstone showing false bedding (No, 140).........--.. 17 “ 0 
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Shale and sandstone (Nos. 139 to 136 inclusive) .+- 5 feet 9 
Sandstone (Nos. 135, 134, 133) 

Shale (Nos. 132 to 128 inclusive)...... 

Sandstone and shale (No. 127) 


The sandstone and conglomerate, throughout the whole series, seem to 
alternate with the beds of shale as shown in the following grouping : 


Throughout the upper member of this Pocono or Vespertine Formation 
No. X, and the coal-bearing strata of the middle member, remains of a 
terrestrial vegetation are more or less abundant both in the sandstone, 
shale and slate. The following genera and species have been determined 
by Prof. Leo Lesquereux in specimens collected from the débris at the 
west end of Sideling Hill Tunnel : 

1. Sphenopteris flaccida (Crépin), a new species for America but recently 
discovered in Belgium, stage of the Psammites du Condroz, which corres- 
pond to the upper part of the Catskill (IX) of Pennsylvania ; for the same 
formation has still a Psilophyton and Palaeopteris hybernica. 

2. A species of Ulodendron with scar leaves obsolete. It seems to be 
quite near to if not identical with Ulodendron majus (Sternb.), a species 
found in the sub-conglomerate coal of Alabama, but ascends to and above 
the Conglomerate. 

3. Knorria acicularis Gépp, from the transition measures of Silesia. 
It is new for this country but passes by decortication to the following: 

4. Stigmaria minuto Lesq. First Geological Report of Pennsylvania, 
Plate XVI, fig. 1 and 2, from the Pocono ( Vespertine) of Mauch Chunk. 

5. A branch referable to Stigmatocanna Wolkmanniana Gépp, but not 
positively ascertainable, the bark of the tubercles being destroyed. 

6. A Lepidodendron (?) in four twisted and compressed fragments, so 
much deformed that the outlines of the scars are not discernible. 

Nos. 1 and 4 are the more predominant species and are represented by 
many fragments. 

‘“‘The specimens were very hard to study and determine, as they are 
twisted in many directions and the vegetable fragments covered with a 
coating of coal as hard as graphite.’’ 

3. The lower member in its general character bears some resemblance to 
the upper member in as far as it is made up of alternations of sandstones 
and shales. 





a 
Ashburner.) 546 [Feb. 16, 


The sandstones are more argillaceous and not as massive ; they are coarse 
grained and stained with iron, and at times contain red and yellow specks. 

The shales are both argillaceous and silicious, and the alternations with 
the sandstone are more frequent than in the upper member. 

The predominating colors of the sandstone and shale are gray, yellow, 
olive and green. 

This member seems to contain more ferruginous matter disseminated 
through the strata than either of the other members, and quite frequently 
iron concretions are found. 

The horizon between the Pocono (X) and Catskill (IX) is not very dis- 
tinctly marked. The greatest distinction between the two is that of color. 
The upper strata of the Catskill are more argillaceous than those at the 
bottom of the Pocono, which fact in a measure determines the topography 
of the two. 

Prof. W. M. Fontaine, in Silliman’s Journal for January and February, 
1877, gives a description and section of the Vespertine (Pocono, X) in West 
Virginia. 

In Lewis Tunnel through the Alleghany Mountain, on the Chesapeake 
and Ohio R. R., he has constructed the following section : 

135 feet. Upper part (30 feet) dark shales, olive and reddish marlites, 
below which occurs 10 feet of firm thin bedded black shale holding a local 
coal 12 inches thick. The lower half is composed of firm, silicious, rather 
coarse bluish-gray sandstone holding bits of lower rocks, drifted stems 
and coal beds. 


Below this mass come the coal-bearing strata 215 feet thick, distributed as 
follows : 


Black sandy slates. 
. Sandstone. 
6’’ Coal, slaty. 
bndevacdeese - Fireclay containing rootlets. 
Coal. 
1’ Fireclay. 
+ eeereeeeeeGray sandstone with films and streaks of coal (floated). 
ese cberses ..- Black slate and coal. 
Brown flaggy sandstone. 
Coal. 
5’ Fireclay. 
..++»Bluish-black sandy shales. 
. .Gray flags. 
Interval (?) feet thick. 
sseseeeeesesOlive sandstone. 
Argillaceous thickly bedded sandstone with thin films of 
coal and black shale. 


Below this series occurs a white, pebbly, silicious sandstone, very per- 
sistent, at least 60 feet thick, the mass directly underneath being concealed. 
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From the base of this sandstone to the top of the red marls and sandstone 
(No. IX) there is a thickness of 500 feet, more or less, made up of flaggy 
sandstone with interstratifications of shales, all of which when fresh have 
a dingy yellow or brownish-gray color, but weathering to a dull brown. 

Professor Fontaine seems to prefer calling the 60 feet at the base of the 
coal-bearing strata the base of No. X, but further states that the underly- 
ing 500 feet might perhaps be thrown into the Vespertine or Pocono Epoch. 
Judging from Fontaine’s descriptions, to bring the section in harmony with 
the East Broad Top, I think it would be necessary to consider the lower 500 
feet as included, making a total thickness for No. X of 910 feet, more or 
less, which would then be represented by 2133 feet at Broad Top, reversing 
the relationship in the two localities between No. XI and No. XII, both 
of which are thicker in the Virginia section than at Broad Top. 

The general sections of Prof. Fontaine’s, given in the text, I have com- 
piled from his elaborately detailed descriptions in Silliman’s Journals, to 
which the reader is referred. 


No. IX. 
Cutskill (Ponent or Old Red) Sandstone. 


Thickness (Nos. 116 to 108 inclusive), 2680 feet. 

Character: consists for the most part of thick alternating red argillaceous 
shale and sandstone, and occasional beds of gray, yellow, white and green 
sandstone and shale. On account of its uniform composition it does not 
admit of sub-division either by its fossils or mineral composition. Unlike 
the groups of Nos. X, XI and XII, which gradually assume new phases, 
this series, undergoes no important modification other than that of thick- 
ness throughout the State. 

The upper part of No. IX is composed of red shale and sandstone 
alternating with gray and whitish sandstone, containing micaceous specks. 
The central part seems to be made up principally of red flaggy sandstone 
and shale alternating with thin massive yellow, gray and white shaly 
sandstone ; toward the bottom the red shale becomes more sandy, contains 
less alternations of gray shale and a number of imperfect remains of what 
apparently was a terrestial vegetation, the accumulation in some localities 
being sufficient to form small ‘‘drift beds’’ of coal. The lower part seems 
to contain a predominant amount of ferruginous matter, and the surfaces 
of the strata are sometimes slightly stained with a bituminous coating. 
No fossils were found in this mass other than a few remains of fish bones 
and scales, having a white and bluish tint in contrast with the red and 
brownish-red shale. The strata throughout the whole formation are very 
argillaceous, weathering very easily, which fact is beautifully illustrated in 
the deep cuttings made recently in Smith’s Valley, on the line of the 
E. B. T. R. R. 

Prof. Hall gives the following descriptioa of it as studied by him in 
Eastern New York : 

‘The Old Red Sandstone, where fully developed, consists of various 
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strata of sandstone, shale and shaly sandstone, conglomerates and impure 
limestones. The pervading color of the sandy parts is brick red, though 
often lighter, and sometimes of a deeper color, from a larger proportion of 
iron ; while the coarser parts are often gray and the shales are green. 
Beds of green shaly sandstone are interstratified with the red friable sand- 
stone, and these are succeeded by a compact kind of conglomerate rock.”’ 


The following section of the Red Catskill is given by Prof. Fontaine 
(Silliman’s Journal, January, 1877), constructed near Lewis Tunnel on 
the Chesapeake and Ohio R. R., W. Va.: 


No. 3, 150’ + Red marl and sandstone, containing more sandstone 
than No. 2. 

No. 2, 70’ Dark red marlites with ochreous and very argillaceous 
sandstones. Balls and nests of limonite and de- 
composed pyrites. 340/ 

No. 1, 120’. Deep red marlites alternating with thick bedded and 
argillaceous reddish-brown sandstones in about equal 
proportions. These are underlaid by coarse sand- 
stones containing Chemung fossils. 


No. [X is between 1,000 and 2,000 feet thick where it outcrops south 
of the anthracite coal fields, and on the south flank of the Catskill Moun- 
tains in New York. In the northern counties of Pennsylvania and in the 
north flank of the Catskill Mountains (N, Y.) it is probably between 400 
and 600 feet thick. 

This Formation forms the mass of the Catskill Mountains of New York, 
and the middle flank of the Pocono Mountains on the Pennsylvania side 
of the Delaware River. After passing the Lehigh River, its strata assume 
a vertical attitude, and the outcrop of its harder parts makes the southern 
of the two crests of the Second Mountain nearly to the Susquehanna River. 
Wherever the dip approaches 45° the red Catskill sandstones of [X form a 
bold terrace on the flank of the mountain, the crest being made by the 
Pocono sandstone of X, as in Peter’s Mountain, at the mouth of the 
Juniata. Along the face of the Alleghany Mountain, this terrace of IX 
is cut up into a series of buttresses projecting from the escarpment. 
Around Broad Top the same terrace structure has given occasion for the 
name Terrace Mountain, which is merely the prolongation (in a curve 
backward) of the Sideling Hill which our Section crosses. 

The formation contains in the Broad Top country no stratum of any 
economical importance. An iron ore bed occurs about 400 feet below the 
upper horizon. Its thickness is undetermined, and it was merely located 
from its outcropping on the north-west side of Smith’s Valley, where it 
occurred as a very silicious brown hematite. It will probably never 
prove to be a workable bed. 


Transition strata between the Catskill and Chemung epochs: 


Thickness (Nos. 107 to 96 inclusive) 90 feet. 
Character: Consists of yellow, red, green and olive shale and sandstone. 
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The surfaces of some of the sandstone strata contain a fine exhibition of 
ripple marks and impressions of fucoids and characteristic Chemung 
fossils, Spirifer disjuncta, Rhynchonella, &c. 

Thirteen feet from the bottom occurs a brown ferruginous sandstone, 
No. 101, weathering readily on the surfaces from the oxidation of the iron, 
the representative of the Larry’s Creek ore, which has a continuous range 
through parts of Lycoming, Clinton and Tioga counties. It attains its 
maximum thickness on Larry’s Creek in Lycoming County, where 
the principal bed is 3 feet thick. In some localities it resembles closely 
the Cleveland ore of Yorkshire, England. In this portion of the State the 
bed is not workable. 

No. VIII. 


Chemung ( Vergent) shales. 
Thickness (Nos. 95 to 85 inclusive), 1860 feet 
Portage ( Vergent) flags. 
Thickness (Nos. 84 to 71 inclusive), 1450 feet 


The limits of the Chemung and Portage taken together are well defined, 
the upper being topped by the transition strata at the base of the red 
Catskill, and the lower by the olive slaty and shaly sandstone of the 
Hamilton period. The horizon between the two epochs is not as well 
defined and it has been located rather arbitrarily. There are certain large 
distinctions between the two which it may be well to notice before 
describing each in detail. 

Both are made up of alternations of shales and sandstones. In the Che- 
mung the strata are more silicious, while in the Portage they are more 
argillaceous. In the latter the sandstone is always finer grained and the 
shale more clayey than in the former. The Portage sandstones are flagg 
and at times very shaly, and their alternations with the shale are very fre- 
quent, although the individual strata are quite thin, the shale predomi- 
nating. The sandstones of the Chemung are more massive, occur in 
thicker strata, their alternations with the shale are less frequent and they 
seem to contain more ferruginous matter, and more micaceous specks. The 
Chemung strata, particularly the shaly sandstones toward the top, are 
replete with marine mollusca, particularly brachiopods, while the Portage 
is extremely poor in fossil life, with the exception of crinoid stems and sea 
weeds, or fucoids ; although the occurrence of fossil fucoids would not dis- 
tinguish the epoch, since they are also very abundant in the upper part of 
the Chemung, but possibly the two are of different types. 

The upper part of the Chemung is composed of olive-brown and gray 
massive and sometimes argillaceous sandstone alternating with flagg 
sandstone, and red and green shale, both shale and sandstone containing fer- 
ruginous specks. 

The central portion of the epoch is made up principally of brown, red 
and gray sandstone and shale: the sandstone is probably more massive than 
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it is in the upper part, and besides ferruginous matter contains micaceous 
specks. 

In the lower part the general character of the strata is very much the 
same, although apparently containing less iron and mica than the central 
part. 

In descending from the top to the bottom of the epoch the sandstone 
which in the upper part seems to predominate, diminishes, while the shale 
increases, and the alternations of the two are greater, although of course the 
sandstone strata must be thinner. The upper part contains’ the greatest 
number of remains of fossil life. 


The general character of the Portage seems the same throughout. The 
upper part is composed of rather massive brown and gray sandstone alter- 
nating with beds of olive and gray shale from 10 to 30 feet thick. Toward 
the centre the sandstone becomes more flaggy and occurs in thinner strata, 
while the shale becomes more argillaceous, forms thicker beds and is more 
varied in color, As we approach the lower horizon the sandstones become 
thinly laminated and occur in beds but a few inches thick; the shale is 
extremely argillaceous and weathers readily into clay. The shale, through- 
out the whole epoch, contains more or less iron, which on exposure readily 
washes out and is oxydized on the surface, coloring the shale in various 
shades of yellow, brown and red. 

In New York, Prof. Hall reports (1843) that ‘‘the upper part of the 
Chemung is characterized by a general tendency to conglomerate, or gravel. 
In a few localities the mass becomes a well characterized pudding-stone. 
This conglomerate (continues Mr. Hall) nowhere attaining sufficient thick- 
ness or importance to merit a distinct description.”’ 

It is worthy of notice that this conglomerate, which forms several notable 
‘‘rock cities’’ in South-western New York and which, probably, is the 
northern extension of one of the sands of the oil group of Western Penn- 
sylvania, seems to be without even a representative at Broad Top. AI- 
though the sandstones toward the top of the Chemung are massive and 
coarse grained, yet there seems to be no tendency to conglomerate or 
gravel. 

Again, cross lamination, or oblique, or current bedding, ripple marks, 
concretions and limestone strata which are so abundant in the Chemung 
and Portage Epochs in New York, are wanting in Central Pennsyl- 
vania. The ripple marks in a measure are an exception to this assertion, 
although they are comparatively rare, and though sometimes met with, 
they would not be difficult to overlook, especially after studying the fine 
exposures in the transition layers between No. VIII and No. [X along the 
E. B. T. R. R., those in the lower Catskill in Smith’s Valley, and again in 
the bottom of the Hamilton on the Aughwick near Potts’s Gap. 

The absence of the limestone or limy shale and concretions may be 
attributed to the limited remains of marine life. These in New York are 
found in great colonies. Not only do we not find any limestone or limy 
shale, but the whole period is particularly devoid of any calcareous matter 
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in the cementing material of the sediment. This is readily shown by the 
rapid weathering of not only the shale but also the harder sandstone strata 
in the cuts along the E. B, T. R. R. 

Professor Rogers (Final Report Vol. I, page 141) says of the Chemung : 
‘This formation, remarkable for its general uniformity of composition, 
appears to have its maximum development in the region of the Juniata 
near Huntingdon, half way across the Appalachian chain, where its thick- 
ness is 3200 feet.’ Without reference to its thickness and character in 
other localities our measurement of its thickness (1950 feet) near Hunting- 
don seems to show that the above generalization is hardly well founded. 

The Chemung formation makes both ridges and valleys. The upper part 
forms a ridge parallel to the mountain of X. The valleys are generally 
narrow and sharp, for the most part running parallel with the strike. 

Portage rocks make also ridges and valleys, the ridges not as promi- 
nent as in the Chemung, and the valleys and ravines more irregular, not 
having such a great tendency to be parallel with the strike of the rocks. 

The mass contains no strata of economical importance. Some of the 
sandstones are quarried to a limited extent for building stone. The sand- 
stones and conglomerates forming the ‘‘oil sands’’ of north-western Penn- 
sylvania, which are perhaps cotemporanvous with the Chemung Epoch, 
have no representative at Broad Top. 


Genesee (Cadent Upper) Slate. 


Thickness : (Nos. 70 to 67 inclusive) 325 feet. 

Character : Consists of olive, slaty and shaly sandstone alternating with 
brownish-gray flaggy sandstone and dark olive shale; toward the lower 
part the sandstone strata disappear, and the shale becomes more argilla- 
ceous, until finally at the bottom we have dark olive fissile slate with occa- 
sional seams of a bright brown-colored sandstone from 2 to 4 inches thick. 
The shale and slate are slightly bituminous and stained with iron. 

These rocks form valleys and are of no economical importance. 


Hamilton (Cadent) Shale. 


Thickness : (Nos. 66 to 63 inclusive) 635 feet. 

Character : Consists in the upper part of gray sandstone flags and shales ; 
toward the central part the sandstones predominate in a three-fold charac- 
ter of massive, flaggy and slaty, to the exclusion of the shale. Surfaces of 
the sandstones are stained with iron and contain the following fossils : 
Aviculopecten princeps, Chonetes mucronatus and Chonetes coronata, Gram- 
mysia, Spirifer granulifera, Spirifer mucronatus, Tentaculites, and 
Alga, more particularly Spirophyton caudagalli. 

In the lower part the sandstone is not so massive, being more flaggy and 
shaly ; the flaggy sandstone at times becoming quite calcareous, and is 
very much stained with iron. Shale alternates with sandstone, and 
toward the bottom predominates, being of a gray and dark olive color, 
sometimes thinly laminated and fissile. 
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Along the Aughwick creek near Potts’s Gap in the lower strata there is 
a fine exhibition of ripple marks. 

These rocks make ridges and in the Aughwick Valley are not of eco- 
nomical importance ; in New York the Hamilton contains a number of 
very fine flagstone quarries. 


Marcellus (Cadent Lower) black slate. 


Upper member (Nos. 62, 61 and 60).......ceesseeceeeee edi feet. 
Middle ‘* fh Sincadwenieteiatancesksdegtuecatens ae 875/ 
Lower ‘“ (Nos. 58, 57 and 56)........ hnee eens 


This formation might be more properly divided into an upper and lower 
portion as the lithological characters of each are quite distinct ; what we 
have called the middle member may prove to be but locally deposited. 

The upper member consists of brown, gray, olive and black argillaceous 
shale with occasional seams of flaggy and slightly calcareous sandstone in 
the upper part, and seams of non-calcareous sandstone in the lower part. 
The sandstone and shale, but more particularly the latter, are very much 
stained with iron and bituminous matter. 

The middle member is made up of shaly argillaceous limestones, alter- 
nating with greenish-gray lime shale. The exact position of this member 
of the series may be a little above or below that given in the section. The 
only place where it seemed possible to study this portion was in the valley 
of Blacklog Creek, near Orbisonia, where the dip of the strata was rather 
uncertain, and too far from the section line to make its position certain. 
Although it has been thought best to suggest only a local deposit of this 
limestone, economically considered, yet it seems quite certain that the 
horizon may not be more calcareous in one locali-y than in another, but, on 
account of the associated strata being very argillaceous, the carbonate of 
lime may be more generally disseminated in one place than in another ; in 
the former case producing nothing but a calcareo-argillaceous shale, and in 
the latter case an argillaceous limestone. 

The lower member consists of black fissile slate and black and brown 
shale, the surfaces of both being very much stained with iron and coated 
with bituminous matter. In this lower member in the valley of the 
Juniata, above and below Lewistown, occur irregular deposits or beds 
of coal, the vestiges of a vegetation which appears to have been air breath- 
ing or terrestrial. The lower horizon of the series is marked by an 
important ore bed No. 56 which primarily is a proto-carbonate of iron but 
which has been changed at its outcrop by atmospheric action into a brown 
peroxide of iron. 

It is not an infrequent thing to find the black shale and slate of the lower 
member very much contorted and dipping in an opposite direction to the 
general lay of the strata. These transverse dips are seldom of any extent 
and if relied upon lead to errorsin constructing a section. It seems proba- 
ble that some of the faults which have been located in the Marcellus and 
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associate strata may have been based upon observed dips in the lower 
member. 

The epoch is valley making and has three horizons of more or less 
economical importance. 

The Marcellus iron ore bed is of great importance from the Juniata River 
to the Maryland State line and supports a large iron industry. It varies 
in thickness from 3 and 4 up to 10 feet, occurring as a series of solid gray 
layers separated by thin seams of slate. In its native proto-carbonate 
condition it is a bluish-gray or lead colored ore, sometimes massive, 
breaking into square pieces, and at other times of a slaty or laminated 
structure. Where the ore has not been thorough!y subjected to atmospheric 
action the change to brown peroxide is only partial, a solid nucleus form- 
ing the interior of the lump, while the peroxide occurs on the surface as a 
crust of greater or less thickness. 

The following are two partial analyses made by Mr. A. S. McCreath, 
Chemist of the survey, of ores from the end of Jack’s Mountain : 


Fleck’s bank. McCarthy’s bank. 


i656 o5o dd cites Meidds Set aie ae 46.5 39.100 
Manganese........ esechideceietiyaet ee 201 
Sulphur..... Seviicube Se heaiDesbusieerer cooee trace .430 
Phosphorus..... pe Tare ce Sues lh weed 646-068 - 133 .060 
Insoluble residue............ svewely ees secon 17.120 —- 


Upper Helderburg or Corniferous Limestone (Post Meridian). 


Thickness : Three Springs and Saltillo (Nos. 55 to 47 inclusive), 60 feet. 

Character : Consists of dark blue and gray argillaceous limestone alter- 
nating with green, olive and gray calcareous shale. Prof. Rogers, in the 
first report, says: ‘‘ That the post meridian series may scarcely be called a 
Pennsylvania deposit as it only enters the eastern borders of the State near 
the Delaware Water Gap.’’ He includes the calcareous beds which have 
been placed in the section as Upper Helderberg in the Marcellus Epoch ; 
but as the limestone strata seem to be very generally distributed through 
the centre of the State and as they must owe their origin to dynamical con- 
ditions entirely different from those existing during the black slate depo- 
sition above, from which they differ so widely lithologically it seems more 
reasonable to consider the limestone as representative of the New York 
Upper Helderberg until the division can be established palxontologically, 
or on other than purely lithological grounds. 

These rocks form one flank of the ridge made by the Oriskany. Some of 
the more massive limestone strata are quarried, the stone on being burned 
making a poor lean lime. In some places the formation contains a rather 
poor argillaceous carbonate of iron (ore bed). The Hawk Mine, worked 
by the Rockhill Iron and Coal Co. north of Orbisonia, is located on this 
bed, which appears to be a local deposit. 

The petroleum of Canada, according to Prof. T. 8. Hunt, is indigenous 
to this formation. 


554 (Feb, 16, 


Ashburner. ] 


No. VII. Oriskany ( Meridian) Sandstone. 


At Three Springs, Nos. 45, 44 and 43....... Thickness 
At Orbisonia cecbesecccscvesccscocscsese “ cevcecesas WUE 


The upper part is composed of a coarse-grained ferruginous and calcare- 
ous sandstone containing a great deal of iron toward the top, and is sur- 
mounted by a bed of ochreous clay. 

The central portion is made up of a loose, friable sandstone containing 
pebbles the size of a pea, larger than any foundin the upper or lower parts. 

The lower part consists of a coarse-grained, arenaceous sandstone more 
fragile than any toward the top of the mass, and breaking into more ir- 
regular shapes. The sandstone contains a great deal of ferruginous matter 
and the surfaces are at times coated with peroxide of iron. 

The epoch contains the following fossils : Cyrtoceras expansus, Dalmania 
micrurus, Hatonia peculiaris, Megambonia lamellosa, Orthis hipparionyz, 
Platyceras ventricosa, Pterinea texilis, Rensseleria marylandica, Renssele- 
ria ovalis, Rensseleria ovoides, Spirifer arenosus and Spirifer arrectus. 

The species of marine life found in the lower Helderberg limestone 
seems to have been cut off by the changes which ushered in the Oriskany 
Epoch, a group of fossils peculiar to it assuming their place. Most of the 
fossils are remains of mollusks, no vertebrates or remains of land plants 
have yet been found. So far Paleontology seems to assign a distinct place 
to the Oriskany between the Silurian and Devonian ages. Viewing the 
dynamical conditions attending the deposition of the Devonian age Dr. 
Newberry places the Oriskany at its base; and says: ‘‘The Devonian 
rocks of Ohio form a circle of deposits, which records an invasion of the 
land by the sea, and presents in its series of strata, a history of the succes- 
sive stages of that invasion ; first, the mechanical sediment of the Oriskany ; 
then the Corniferous limestone, the deposit of the open sea; then mixed 
mechanical and organic materials ; the mechanical sediments finally pre 
dominating and indicating a return to land conditions over all the eastern 
porticn of the continent.’’ 

The epoch is ridge making, and has three horizons of economical im- 
portance : 

ist. Upper ore bed, occurring at the upper limit of the sandstone. This 
bed is seldom workable in Pennsylvania, but is very productive in the 
valley of the James river, Virginia. In many localities the mass consists 
merely of the upper strata of the sandstone strongly impregnated with per- 
oxide of iron. 

2d. In the Juniata Valley where the Oriskany is friable and contains 
little or no iron, it affords a valuable sand for glass manufacture. 

8d. Lower ore bed, occurring at the junction of the coarser and more 
arenaceous strata at the bottom of the sandstone with the soft, calcareous 
yellow layers beneath it. This bed is worked by the Rockhill Iron and 
Coal Company near Orbisonia and in Hill Valley. 
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No. VI. Lewistown (Pre-meridian—Lower Helderberg,) Limestone. 


Thickness : (Nos. 42 to 38 inclusive) 162 feet. 

Character: Consists of massive, dark blue and gray, semi-crystalline 
limestone, containing toward the upper and lower parts alternating layers 
of gray shaly limestone and argillaceous lime shale. To the north-east in 
the Juniata Valley from Mount Union to Lewistown, the shale at the top 
of the mass becomes a thicker and more distinctive formation. There are 
fine exposures of the series along the Kisicoquillas creek, near Lewistown, 
Mifflin County, where it was found necessary to give it a new geographical 
name in the failure to identify it with any of the sub-divisions of the lower 
Helderberg group in New York. 

The following fossils have been determined: Acervularia, Alveo- 
lites minima, Astylospongia inornata, Merista levis, Orthis oblata, Pen- 
tamerus galeatus, Rhynchonella formosa, Astylospongia, Atrypa reticu- 
laris, Aulopora, Conophyllum, Merista arcuata, Stromatopora, Trematos- 
ptra formosa, and Zaphrentis. 

This formation with the Oriskany is ridge making, and of great eco- 
nomical importance, as it furnishes good lime for building and agricultural 
purposes, besides being an excellent flux in the iron furnace. A speci- 
men from Saltillo contained : Carbonate of lime 90.904 ; carbonate of mag- 
nesia 2,162. 

An iron ore having a laminated structure occurs sometimes scattered in 
the soil overlying the limestone. 


Water-lume (Scalent) Cement Beds. 


Thickness: (Nos. 37 to 28 inclusive) 580 feet. 

Character : Consists for the most part of a blue and gray flaggy and 
thinly bedded limestone having a wavy stratification. Toward the top the 
limestone is massive, slightly argillaceous and of a dark gray and bluish- 
gray color; but toward the bottom it becomes flaggy, thinly laminated 
and shaly, having a brownish-gray and yellow color. In the lower part 
limestone alternates with green, yellow and gray argillaceous shale. 

The strata in the central part contain a great deal of calcite, and the sur- 
faces of the stone are oftentimes coated with carbonaceous matter, and 
show ‘* slickensides,’’ The limestone beds are frequently highly magnesian, 
and a few may be compared economically with the Lewistown limestone. 
The outcrops occupy a small valley at the foot of the Oriskany ridge 


Onondaga (Scalent) Maris. 
Saltillo and Three Springs. Orbisonia, 
Thickness: Upper member Nos. 27, 26 and 25 170 + feet. 145 feet. 
“ Lower ‘ "a? oe... Fax “Re * 


The upper member consists of yellow, gray and greenish shaly and argil- 
laceous (fossiliferous) limestone in thin beds, alternating with olive, green 
and gray calcareous shale. 

The lower member consists of green, yellow and gray calcareous shale, 
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alternating with red shale and containing occasional beds of fossiliferous, 
shaly limestone. 

The Salina group thins in this district to the south-east, being thicker 
on the Jacks Mountain range than it is along Blacklog Mountain. It 
makes a valley and is of no economical value. 


Niagara Limestone. 


The Niagara limestone seems to be without a representative in Penn- 
sylvania. 

In a section which was constructed through Jacks Mountain at Mount 
Union, a limestone bed 3 feet thick was located 232 feet above the top of 
the Clinton red shale, which was supposed to be the representative of the 
Niagara limestone ; the intervening space between this and the Clinton 
being filled with a soft, argillaceous, calcareous shale. The occurrence of 
the Niagara limestone here, as well as at Logan Gap 25 miles to the north- 
east, where a similar bed 4 feet thick was found, is extremely doubtful. 
A careful search for its representative at Rockhill Gap in Blacklog Moun- 
tain, and on each side of the Jacks Mountain anticlinal at Three Springs, 
and Saltillo, failed to bring it to light. It is questionable in the author’s 
mind whether the Niagara measures which form such a marked feature 
in the geology of northern New York has in this section of Pennsylvania 
a distinct representative. While this epoch seems to be vacant in our 
paleozoic column, the Salina rocks, which occur directly above the Niagara, 
seem to be totally different in character from the New York strata, where 
they are composed of shales, marls and marly sandstones with impure lime- 
stone ; ours being almost entirely destitute of fossils. Is it not possible 
that the strata which are included between the bottom of the Water lime 
shale and the top of the Clinton red shale represent equally or conjointly 
the Salina and Niagara groups of New York? 

No. V. Clinton (Surgent) Shales. 
Saltillo. Orbisonia. 
. Red shale (Nos. 21, 20 and 19) Thickness 270 feet. 233 feet. 
. Upper olive shale (Nos. 18 to 15 inclusive) ‘‘ 162 ‘* 163 - 
. Ore sandstone and fossil ore (Nos. 14to 11) “ 42 «“ 54+ “ 
. Lower olive shale (Nos. 10 and 9) ” — “* 660 a 


1. The upper part of the red shale consists of silicious massive red shale 
having a rhombohedral fracture. Toward the lower part the red shale be- 
comes more argillaceous and contains thin alternations of gray and green 
calcareous shale, while at the bottom there are beds of red shaly sandstone 
having seams of calcite running through the mass. 

2. The Upper olive shale consists of yellow, olive and gray calcareous 
shale containing seams of blue fossiliferous limestone ; the lower part form- 
ing the hanging wall of the fossil ore beds is composed ofa light yellow 
argillaceous lime shale. 

8. The fossil iron ore beds occurring above the ore sandstone have been 
extensively developed in Rockhill Gap by the Ruckhill Iron and Coal Co. 
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Beside seams Nos. 12 and 14 of the section there are two other small beds 
below theoresandstone. The first, from 4 to 6 inches thick, occurs directly 
under the sandstone and about 50 feet below the upper beds (C. Constable). 
The second is 10 inches thick and about 4 feet below the first. These two 
beds have never been worked. The beds above the sandstone are worked 
on the south side of Rockhill Gap by two drifts 100 feet vertically apart 
and having an average course of §. 21° W. The same beds are worked 
also on the north side of the Gap by two drifts which are about 60 feet 
vertically apart, the strike being about the same as on the south side. The 
course of the south drifis when continued across the Gap to the north side 
strikes about 100 feet to the west of the north openings, the ore range being 
thrown to the east on the north side by a fault which runs through the 
Gap at right angles to the strike. In gangway No. 1 on the south side the 
yield of a specimen was as follows : 
No. 14, No, 12, 

TROUES odin s ccd wk Weave ctv ak Eee 50.800 per cent. 50.700 

Sulphur...... ovidtees trace. 

Phosphorus -123 


The ore sandstone has a thickness of 42 feet at Saltillo and of 50 feet at 
Orbisonia. 

The sandstone varies very much in character in the different localities, 
as to the amount of calcareous matter which it contains ; at Rockhill Gap 
it is very silicious, while at Saltillo it is quite calcareous. In the latter 
locality the ore beds seem to be represented by a calcareous sandstone con- 
taining a large percentage of iron, but not a true iron ore. 

The sandstone generally forms a terrace along the flank of the mountain 
of No. IV. 

4. Lower olive shale (Nos. 9 and 10).—Thickness : 660 feet.—For descrip- 
tion see section 

The following fossils were found in the Clinton Epoch, more particularly 
in the upper olive shale: Atrypa reticularis, Beyrichia lata, Buthotrephis 
gracilis, Dalmania limulurus, Homalonotus delphinocephalus, Orthis 
elegantula, Platyostoma niagarensis, Pterinea emacerata, Rhynchonella 
neglecta and Strophomena rhomboidalis. 


No. IV. Medina (Levant) Sandstone, 


White sandstone, No. 8 Thickness 400 feet. ’ 1330’ 
Red sandstone and shale, No. 6 930 <“ j 


The white sandstone contains in New York several characteristic fossils, 
some of which the marine plants, and more particularly the Arthrophycus 
harlani, are found throughout its whole range from Pennsylvania to the 
south border of Tennessee. 

The red sandstone and shale member is in Pennsylvania entirely destitute 
of fossils, and is a coarser and more sandy rock, than in New York, where 
it is composed principally of a finely-comminuted red marl or a calcareous 
red clay, containing a few organic remains. 
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A deposit of iron ore exists in the white Medina forming the crest of 
Blacklog mountain 4 miles south-west of Orbisonia. The ore and clay in 
which it lies seem to fill a transverse fissure or cleft in the white sandstone, 
at a point where there is a slight indentation in the crest of the mountain. 


Oneida (Levant) Sandstone. 


Upper member, red and greenish-gray silicious breecia and con- 
glomerate, No. 6, thickness 158 feet ccceee 

Lower member, hard massive, greenish gray sandstone and con- 
glomerate, No. 5, thickness 410 feet..............cese085 


A striking feature of the epoch is its poverty in organic remains. 

The Medina and Oncida rocks taken together make ‘‘all the mountain 
ridges and higher spurs of the entire chain west of the Susquehanna, be- 
tween the Kittaning valley and the valley at the base of the Alleghany 
mountain,’’ except those surrounding the Broad Top synclinal basin. 


No. III. Hudson River (Matinal) shale. 
Thickness : (No. 4) 800 feet. 
Utica (Matinal) slate. 


Thickness: (No. 3) 1070 feet. 

The upper limit of No. III is well defined by the rapid and sudden 
transition of the Oneida gray sandstone and conglomerate into the argilla- 
ceous sandstone at the top of the Hudson River slates. The lower limit 
has been assumed at a very lean, poor shaly brown hematite ore, which 
seems to occur at the horizon between the shale and slate of the Utica and 
the b!ue calcareous shale at the top of the Trenton or Matinal limestone 
mass. The division between the Hudson and Utica was not positively 
determined, and may possibly be above or below the position which has 
been given it. Unconfcermability has been asserted to exist between the 
Hudson and Oneida. 

Prof. Rogers speaks of it as follows: ‘‘The relations of the Matinal 
series to the overlying Levant strata * * * plainly show that * * * the 
earth’s crust experienced a prodigious movement at the close of the Hud- 
son period. This agitation of the floor of the sea, which had just received 
the materials of the Hudson shales, appears to have been everywhere 
attended by an extensive displacement of its level, accompanied in some 
districts by undulations amounting even to a close plication or corrugation 
of its sediment, and in some districts to a lifting up of wide areas above 
the general sea level into dry land.’’ 

The slates of No. III make one flank of the mountain of No. IV, and 
contain no strata of economical value in th‘s district. 


No. If. Trenton (Matinal) limestone. 


Thickness: (No. 2) 500 + feet. 
The thickness of the epoch is only approximately determined from a 
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very limited observation in Blacklog valley. A very distinct paleontologi- 
cal break existg between this epoch and the underlying auroral magnesian 
limestone, the upper strata of which are exposed in the centre of Blacklog 
Valley opposite Rockhill Gap. It is probable that the Magnesian rocks in 
this part of Pennsylvania are at least 3000 feet thick, which would place 
the top of the Potsdam sandstone (the lowest group in the Paleozoic 
column), at least three quarters of a mile vertically beneath the present sur- 
face of the centre of Blacklog Valley. 


LOCALITIES WHERE THE STRATA WERE MEASURED AND STUDIED. 
No. XIII. 


Nos. 267, 266, 260, 256 and 252. Robertsdale, Trough Creek coal basin, 
Carbon Township. 

Nos. 265 to 261 inclusive. Coal bed D (Lower Freeport ?) Section 
measured about 400/ from mouth of mine C', Robertsdale collieries. 

Since the section was compiled, I have been informed by Mr. Wm. A. 
Ingham, Pres'dent Rockhill Iron and CoakCo., that a bed of black band 
ore has been discovered in the ‘‘Swamps’”’ in mine C’, between the bottom 
bench of coal and the fireclay floor, ranging from 1 to 4 inches thick and 
yielding 30.79 per cent. of metallic iron. 

Nos. 259, 258 and 257. Coal bed C (Kittanning ?) Section measured 
about 200’ from mouth of mine B', Robertsdale collieries. 

Nos. 255, 254 and 253. Coal bed B (Clarion ?) Section measured by 
Wm. Foster, Esq. in mine A, Robertsdale collieries. 

No. 251. Coal bed A (Brookville?) Section reported by Wm. Foster, 
Esq. ‘‘ Monkey drift,’’ Robertsdale collieries. 

No. XII. 

No. 250 to 244 inclusive. Rocky Ridge near Wray’s Hill Tunnel, Todd 

Township and Wray’s Hill, Carbon Township. 
No. XI. 

Nos. 243, 242, 241 and 240. Wray’s Hill and Rocky Ridge. 

No. 239 to 234 inclusive. Wray’s Hill Tunnel E. B. T. R. R. 

Nos. 233 and 232. Ground Hogand Plank Cabin Valleys, Carbon Town- 
ship. 

Nos. 231 and 230. New Grenada, Taylor Township, Fulton County. 

No. 229 to 220 inclusive. Limestone quarry worked by John Whitney, 
Esq., near Todd P. O., Plank Cabin Valley. 

No. 219. Ground Hog and Plank Cabin Valleys. 

No. 218 to 213 inclusive. Well on Ezra Heater’s farm, one mile south 
of Todd P. O., section reported by Mr. Chas. E. Billin. 

No. X. 

No. 212. Ground Hog and Plank Cabin Valleys. 

No 211 to 124 inclusive. Sideling Hill Tunnel E. B. T. R. R. 

No. 123 to 117 inclusive. Smith’s Valley. Clay, Cass and Union Town- 
ships. ; 

The total thickness of No. X was verified by measurements made in 
Sideling Hill Gap, Fulton County. 
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No. IX. 

Nos. 116, 115, and 114, Smith’s Valley. 

No. 113, J. B. Moreland’s farm, Smith’s Valley near Sideling Hill Tunnel. 

No. 112 to 108 inclusive. Smith’s Valley, along line of E. B. T. R. R. 
and Sideling Hill Creek. Deposits of ‘‘drift coal’ in No. 109 found on 
Wm. Smith's farm, 1} miles from Mapleton, Union Township. 

No. 107 to 96 inclusive. Transition strata. R. R. cut end of Clear 
Ridge, north-west of Saltillo, Clay Township. 

No. VIII. 

No. 95 to 85 inclusive. Line of E. B. T. R. R., north-west of Saltillo 
and Sideling Hill Creek, Clay Township, and Coaling Ridge, Cromwell 
Township. 

No. 84 to 71 inclusive. Line of E. B. T. R. R., north-west of Saltillo, 
and north-east of Three Springs, Clay, Springfield and Cromwell Town- 
ships. 

No. 70 to 67 inclusive. Sideling Hill Creek and line of E. B. T. R. R. 
north-west of Saltillo, Clay Township and north-east of Three Springs, 
Springfield and Cromwell Townships. 

No. 66 to 63 inclusive. North-west of Saltillo, Clay Township and Sad- 
dleback Ridge, Springfield and Cromwell Townships. 

Nos. 62, 61, 60, 58, 57, and 56. North-west of Saltillo, north-east of Three 
Springs and Aughwick Valley near Orbisonia. 

No. 59. Quarry near I. Engeart’s house, 1 mile from Orbisonia. 

No. 55 to 47 inclusive. R. R. cut at Three Springs. 

No. VII. 

Nos. 45, 44 and 43, R. R. cut at Three Springs. Fossils were found on 

end of Royer and Sandy Ridges near Orbisonia. 
No. VI. 

No. 42 to 38 inclusive. Near Three Springs, Saltillo and Orbisonia ; fos- 
sils found at latter locality. 

Nos. 37, 36 and from 84 to 28 inclusive. Near Saltillo, Three Springs 
and Orbisonia. 

No. 35, Rockhill Furnace water-lime quarry near Orbisonia. 

No. 27 to 22 inclusive. Near Saltillo and Three Springs. 

No. V. 

Nos. 21, 20 and 19. Near Saltillo and Three Springs. 

No. 18 to 15 inclusive. Near Saltillo and in Rockhill Gap, Cromwell 
Township. Fossils found at Rockhill Gap. 

Nos. 14, 18 and 12. South fossil ore mine, Rockhill Gap. 

No. 11, Rockill Gap and opposite Leas and McVitty’s tannery at Sal- 
tillo. 

No. 10 and 9, Rockhill Gap. 

No. IV and III. 

No. 8 to 8 inclusive. Rockhill Gap. 


No. II. 
No. 2 and 1, Blacklog Valley, Cromwell Township. 
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Coahuila. 
By Tuomas L. Kane. 
(Read before the American Philosophical Society, January 19, 1877. ) 


I. GEOGRAPHICAL. 


I have recently returned from a three months’ excursion into Northern 
Mexico. I went by rail to near San Antonio, Texas ; from there took my 
own and government servants’ wagons and mule teams. I was in no 
hurry, carried a party of intelligent friends with me as observers, and en- 
joyed advantages for seeing the country and its people which do not com- 
monly fall to the lot of travelers. 

I spent most of my time in Coahuila and Nuevo Leon. After visiting 
the country north-west of Piedras Negras, I looked up the different passes 
of the Sierra Madre which appeared inviting for railroad: purposes from 
below Santa Rosa to La Rinconada. Finding Saltillo closely invested by 
Treviiio, I crossed from the Saltillo road to Monterey, and thence returned 
to San Antonio via Mier and Laredo. I expect to have time soon to pre- 
pare a geographical paper and maps for the Transactions of the Society. I 
shall ask their patience this evening for the communication of a few facts 
not undeserving their notice. 

I have drawn upon the blackboard, upon an enlarged scale, the leading 
features of Colton’s latest Map of Mexico. I would ask your attention first 
to the contrast presented by the Rio Bravo to the other rivers of Southern 
Texas and Mexico. These are all greatly less conspicuous. They are 
seen to flow but short distances from their sources to the Gulf of Mexico. 
The Bravo or Grande del Norte, on the other hand, cuts a more important 
figure on the map, outdoing, apparently, the others put together. It is of 
much greater length and volume, and the reason is obvious. 

By the contour lines, where you observe my effort to make hatchings 
with the yellow chalk, I indicate in a general way the course of the high 
land which is customarily spoken of as the East Branch of the Sierra 
Madre. From San Luis Potosi, here, (A) I have drawn the so-called 
Sierra as extending to the edge of the plain watered by the Rio Grande 
(B). It sinks as it proceeds north, until here, you see, only one mass of 
mountain north of Santa Rosa, I bave represented it as entirely disap- 
pearing. 

We have here our explanation of the greatness of the only Mexican great 
river, the Rio Grande. The great river, you remark, rises in the interior, 
more than half way across the continent, and it flows all this way as many 
as 1800 miles, to the Gulf; because no mountain obstacle is offered to its 
progress. It finds what might be regarded as a vast Pass where the ‘‘ Sierra’’ 
has gone under. It is true (this is a parenthesis for our Secretary) that 
here (a) it is deflected, and, obedient to local geological orders, turns nearly 
at right angles, and works along at disadvantage for some distance, until 
it hits this seeming continuation of the valley of the Pecos (b). But it is 
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soon observed endeavoring to resume its direct forthright, and before long 
is found in line with itself, so to speak, adopting the course of the valley of 
the Salado (cd). The Salado, I will also halt to point out, runs parallel 
to a certain line of heights which has been recommended as the natural 
boundary line between the United States and the North-east Provinces of 
Mexico (C D). 

Reflecting on the significance of such a fact as the Rio Grande, you per- 
ceive how natural a thing it was for me to ask myself: Why should not a 
new route for a transcontinental rail way be discovered here—not far from 
the path of the great water way—through upper Mexico? This led me to 
examine, as I have said, the different passes or depressions of the mis- 
named Sierra, furnishing inclines leading up to the elevation of the Great 
Table. I looked for them into or through the Sierra, it is true, but com- 
paratively near the river, where its elevation is diminished, and what is 
left of it is broken up. I am rewarded by having found two, and probably 
three, Passes, preferable to those heretofore recommended to the Engineer. 


I am positive now that I can indicate the true line for the railroad, south 
of the Union Pacific, from the United States to the Pacific Ocean ; and the 
best of it is that the short cut, B F, is the one which provides the most 
moderate gradients. From San Antonio, as your starting point, make your 
shortest cut for Mazatlan, and you will not be very far from either of these 
two lines. 

The routes described in this paper both pass through the rich agricul- 
tural Laguna country, and through the richer Durango mining one, and 
are both singularly cheap of construction. Neither of them is deflected 
noticeably from the straight line, except as the Pacific is approached, where, 
to avoid engineering obstacles (less expensive ones, though, than those 
which the California Central R. R. has overcome), I recommend turning 
down into the State of Jalisco, through the northern part of the District of 
Tepic. There the Sierra Nevada, E F,coming from the north west, lowers 
as the East Branch of the Sierra Madre does in Northern Coahuila. To 
obtain a gentle slope without paying for it, I do not attack, but flank the 
Snowy Range. 

Next in interest to these inter-oceanic railroad data (perhaps, too, after 
certain military questions unavoidably associated with the same) I should, 
perhaps, advert to the results of a visit to the country below the upper 
bend of the Rio Bravo, marked on the maps as Terreno Desconocido and 
Territorio Non Explorado. I thought it would be a rare field for original 
exploration, but it proved to have been well known to the Spaniards, who 
have left roads, military earthworks, mineral shafts, and other evidences 
of their presence there. The names of old Spanish settlements might be 
sprinkled over all this unoccupied space (x to y, and v toz). The correc- 
tion of such an error as this should appear at least in our children’s school 
atlases. I could occupy the evening in enumerating others, but will close 
with citing two hardly less striking. The Bolson de Mapimi, here, which 
covers so large a space on the maps, should properly be restricted to a 
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more limited area, north of the town of Mapimi. Mapimi, an old Spanish 
mining town, gives its name to a mountain near it, shaped somewhat like 
a big purse (Hispanicé Bolson). It appears to have been an after thought 
with geographers to lay down a figure of this shape, large enough to in- 
clude a great reach of desert* plain. A similar correction should be made 
for the Barrial de la Paila, which is quite a narrow stretch of sterile plain 


lying on the west side of the Sierra de la Paila. 
* * * * * * * * 


Il. ETHNOLOGICAL. 


After a review of Humboldt’s work in New Spain, closing with a eulo- 
gium on the great Explorer’s thoroughness, General Kane proceeded : 

But Alexander von Humboldt did not visit the Northern Provinces of 
Mexico. And I may say another thing without irreverence ; he was not 
an ethnologist. In Spanish America, too, the persons who gave him most 
information in Natural History were priests or members of religious orders 
in the Roman Catholic Church. The minds of sincere persons in that com- 
munion have ever been fettered by the dogma that ‘‘ God hath made of one 
blood all the nations of the earth,’’ and they have seldom pursued ethno- 
logical research with zeal, never with impartiality. 

I am sure that I do not overrate the value of Northern Mexico as a field 
for ethnological study. I can say emphatically of it that in this respect it 
is terreno desconocido ; territoric non explorado. 

It will be particularly interesting to us to seek the solution there of cer- 
tain Historical Problems which have baffled our investigations. 

In the Old World we have not been able to divest ourselves of the bias 
arising from our being in some manner or other parties to the discussion of 
historical questions. Each specimen of us belongs to some particular race 
or mixture of races, and, whether he has had a grandfather or not to take 
a pride in, if his self-consciousness but carries him back a single generation, 
he unites in feeling with those whom he thinks most like himself in mis- 
taking what they accept as History for Science. Most of us in fact have a 
direct political or religious interest or feeling involved in our preference for 
deciding questions by the bulletin or historical pamphlet, rather than by the 
scalpel and craniological caliper. Prejudice should blind us less in Mexico. 
If we love our Dutch or Scotch, and hate our ancestral Spanish enemies, we 
cannot help unduly praising our Orange-Nassaus, and hating our Alvas ; 
while we do not care enough to cheat much regarding the respective merits 
of the followers of Coanocotzin+ or Ixtlilxochitlt. An imputation on the 
standing of the Trinity, or the Virgin of the Immaculate Conception, may 
wound our feelings ; we care nothing for theories ascribing greater or less 
exaltation to the gods Texcatlipoco,§ or Cu-at-li-cu-e. | 

In Northern Mexico, races have lived of the greatest variety of osteo- 
logical structure, They have left, and they are now depositing in profusion, 

* Desierto, Desert, not necessarily meaning uninhabitable desert. 


+ Texcocan enemy of Cortés, tTexcocan friend of Cortés, 
? Of Heaven || Of Flowers. 
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most interesting crania, simple and composite. Nowhere probably in the 
world are so great a number of healthy, full-grown youths, of known habi- 
tat and pedigree, meeting with violent deaths, and leaving their bones at 
the command of the collector. 

Over Northern Mexico, and through it, in times bygone, have passed suc- 
cessive migrations of races, as remarkable as those which have occurred in 
our own historical period in Asia and in Europe. 

And, alas, of the conquest of the weak by the strong, of that which you 
and I, Mr. President, if alone, must maintain to be the Survival of the Un- 
fittest, of the conquest of peaceful, industrious and civilized races by war- 
like ones, Mexico affords us at least two distinct and notable examples. 
Not less than two great invasions have proceeded directly fiom Northern 
Mexico, or passed through it. All the American conquerors of Central 
Mexico that we know of came from the North. We can study them in 
Northern Mexico as they existed before they removed South. It is an im- 
portant point I make, that our researches in Mexico may be conducted in a 
strictly scientific spirit, free from the disturbing influences of partisan liter- 
ature.—Of what nation is not the literature without force, if its tone is not 
(regarded in a philosophical sense)—provincial and partisan ? 

Again, the singularly favorable political anarchy now prevailing in 
Northern Mexico should be of the greatest service to the student. Seventy 
years ago the Spaniards governed New Spain. Not only their military sway 
(though, as I have intimated, it surprises the traveler every day how far 
out into the North they carried their military roads, their presidios, soldiers 
and cannon), but the dominion also of their laws prevailed, and their social 
customs, with their language and religion. Since the removal of the forces 
which maintained law and order, the whole of this régime has ended, or is 
coming toan end. The mental and moral characteristics of each native 
stock are seen to be re-asserting themselves. You can detect, with corre- 
sponding physiological varieties. of structure; what manners the several 
species, sub-species and varieties were originally prone to, what laws natu- 
rally suited them, what religion. In truth, straight out before your face, 
and inconveniently to the purpose if you are in their way, they disclose 
what other species of men they are predestined to hate, and refuse most 
ferociously to live with on terms of amity. 

To a certain extent an invading movement from the North upon more 
Southern Mexico is going on at this moment. I had a peculiarly favorable 
opportunity for witnessing an instance of its operation on a small scale. 

I obtained an invitation at Piedras Negras to accompany the column of 
Government troops which moved upon Monclova and San Buenaventura 
in November last, and I made the most of my good fortune. 

I had Don Pedro Valdés, the Military Governor of the district of the Rio 
Grande, and Colonel Ferdinand Montragon, his second in command, with 
me all the way. As far as Monclova my mess, my tent, my ambulance 
were theirs ; one or other of them hardly left my sight. They knew per- 
sonally a large number of their soldiers ; whenever any one attracted my 
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attention as a subject of study, and they could not answer my questions 
regarding his name, birthplace and genealogy, they ordered him up to 
speak for himself. They became honestly interested in some of my eth- 
nological guesses, which they esteemed shrewd, and, I honestly believe, 
went beyond politeness in giving extension to my inquiries. I think I 
pretty faithfully studied over 300 equestrian men ; nearly all who were not 
of native Indian blood being Mestizo. Should I not at some future day recur to 
this subject, let me dispose of it by saying that, with traces of nearly every 
race whose abode has been the Iberian Peninsula, Basque, Jew, Zingaro 
even, the predominant Spanish element apparently was Andalusian. I 
could not at all guess how many kinds of native Mexican entered into the 
medley. My companions could distinguish many more than I could. A 
captain from near Bustamente, where there is an interesting ancient colony of 
them, could point out every Tlascalan in the crowd. But this I did see plainly 
myself, a large majority of the fighting riders were of the stamp of our 
own South-western warlike Indians. I am very familiar with the physiog- 
nomical characteristics of the Arrapahoe, Kickapoo (Qu. chica puta ?), Ute 
and Sonora Apache. I lived some time among the Shoshones, and may be 
trusted to detect the Comanche wherever it occurs. I found the Comanche 
through Valdés’ command in force. 

The small-sized photographs which I place on the table were selected by 
me, chiefly from an army officer’s collection, as being striking likenesses of 
men termed Mexicans, and regularly enrolled as members of Valdés’ 
National Guard. If they were dressed up in the pictures as Christians, I 
have no doubt the subjects and their friends would have great pleasure in 
recognizing them. On the face of each photograph you will find the Indian 
name and tribe, on the back the Mexican. 

The other photographs support views advanced by me in former, now 
nearly forgotten, communications.* The notes endorsed upon them will I 
think repay perusal. 

a. Affords an interesting example of Atavism: the back leap, as the 
Spanish term it. The mother, a Mexican woman whose family style 
themselves Spanish, acknowledging only one sixteenth of Indian blood, is 
convicted of the Sambo or Chino by its reappearance in her daughter, an 
engaging and estimable young lady who is quite a dark mulatto. Fig 1. 
Her sisters, 2, 4, 5, 6 exhaust the shades of the segar box. 

b. and c. Exemplify strikingly the persistence of the type. The Ger- 
man girls in b. were captives from their youth, very hardly used up to the 
age of puberty, when they were rescued. c. was more tenderly nurtured, 
being a head chief's favorite daughter. They are tame ; she remains wild 


—fera nature. 

*On Rank and Merit depending on lineage among certain (North American) 
Indian Tribes. 1847, 

Lavater + Daguerre. 1848, Replies to Nott and Gliddon, 1850-1852. 

Differences in the Results of Emancipation in the British West Indies corres- 
ponding to differences of Race observed there. 1853. 

Idiosyncrasies of the Lucumis Gangas and other Bozales in Cuba, 1857. 

The Application of Ethno-Physiognomy made by Mr. H. H. Slatter. 1856, 
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d. A family of German descent, exposed as partly Chino Mexican. The 
bony framework of the subjects not having been modified ; the physiog- 
nomy, due to the integuments, is common to all the children, but the elder 
sister’s face (2) is darkened by a shade of pigment in the mucous coat. In 
1. and 4. it is said to be detectable in the luna. 


The working of our little Invasion was about this: Valdés’ army was 
made up, certainly more than half of it, of men of Northern Indian blood. 
They were moving south. Some of them might return, perhaps not 
many. When the company of Saragossa was marched off from that place, 
I saw a crowd of their women assembled to weep and wail over them in 
half Indian style, as if it were about to prove their last farewell. Other 
recruits who had left the pueblo under similar auspices had not re‘urned. 
Their fate had been to die in battle, or of disease, or of the effects of 
wounds and exposure—or to embrace permanently the military career, in 
which case the élite of them found employment as regulars in the 
City of Mexico, or elsewhere in the provinces not far from the National 
Capital. The average man thus, after directly killing or contributing by 
impoverishment to starve a given number of the more industrious and 
peaceable members of races of the South, would become a southern resi- 
dent, and leave descendants of his own, South, who would be half North- 
ern and half Southern ; that is, it might be, half warlike and lazy, half 
industrious and inoffensive. 


Esteeming it a compliment to have been invited to express my opinions 
upon the political condition of Mexico at this interesting juncture, I will 
not consider it beneath the dignity of Science to notice the subject from an 
Ethnological point of view. 

The North, as wellas the rest of Mexico, presents a clearly marked case of 
ARRESTED NATIONAL DEVELOPMENT. The natural tendency of the different 
populations of Mexico to unite in one having been interfered with three cen- 
turies anda half ago by an outside pressure, and this pressure having been 
withdrawn, its effect upon the national life is now seen to have been unfav- 
orable. Not only the political health, but, to persevere in the use of my fig- 
ure, the existence itself of Mexico as a nation is menaced. The thoughtful 
observer is left in doubt whether, for the welfare of the people of Mexico, 
a synthetic or a further analytic treatment of their confederacy is most de- 
manded. The former may be premature, the latter, now going on so 
rapidly, risks being carried too far. Many honest thinkers are of opinion 
that it would be beneficent to restore the foreign pressure, or an equivalent 
for it. In my opinion it would be but a reproduction of the original evil. 

With your indulgence I will enlarge upon this theme, for brevity and to 
avoid confusion soliciting you to restrict the application of my remarks of 
a general nature to the Central Table Lands, of which we may popularly 
speak with least inaccuracy as Mexico. 

At the epoch when the Wars of the Roses, Welsh wars and Scotch wars 
were preparing for Great Britain a United England ; when the various ele- 
ments already united as Gascons, Bretons, Picards, Normans were con- 
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tending which should form the future France ; when, — less effectually as it 
has proved, because the ethnological differences involved were greater, — the 
different populations of Spain and Aragon, Murcia and Granada were fight- 
ing out whether they should absorb or be absorbed in the kingdoms of 
Castile and Leon, the different native tribes of Mexico were at the same 
work in their own way. 

They were very numerous. Geiger says, ‘“‘ There were at the time of 
the conquest and there are now, more than thirty different races, speaking 
as many different languages and marked by distinctive peculiarities.’’ (p. 
317.) 

Our standard authority Humboldt’s remarks are, ‘‘ The great variety of 
languages still spoken in the Kingdom of Mexico proves a great variety of 
races and origin. The number of these languages exceeds twenty, of 
which fourteen have grammars and dictionaries tolerably complete. * * * 
It appears that the most part of these languages, far from being dialects of 
the same (as some authors have falsely advanced), are at least as different 
from one another as the Greck and the German, or the French and the 
Polish.”’ 

Humboldt mentions the Mexican, Otomite, Tarasco, Zapoteco, Misteco, 
Maya, Totonac, Popolouc, Matlazing, Huastec, Mixed, Caquiquel, Tarau- 
mar, Tepehuan and Cora. To these, the Mazahua, Huave, Serrano, — and, 
well, say a dozen others may safely be added. How many of these are 
derived from the primitive Nahuatl, neither this, nor in fact any other 
abstruse philological question, am I qualified to discuss. Enough here that 
my own observations lead me to place the number of separate tribal 
societies very high. But at the date of the Spanish conquest they were in 
a fair way of coalescing. With various ins and outs, and ups and 
downs, there can be no doubt that a process of consolidation was going on 
in Mexico through the thirteenth, fourteenth and fifteenth centuries, corres- 
ponding to that observable in Europe during the same period. 


The Toltecans evidently had absorbed many tribes before they were suc- 
ceeded by the Chichimecas, whose own absorptions constituted the mon- 
archy of Tezcuco. Tacuba or Tlacopan had a similar history. So had the 
Aztec Kingdom or Empire, with whose history we are perhaps most 
familiar, the one ruled by the Montezumas. The original Aztecan divisions 
of Tlalteloleos and Tenuchcas are mentioned to the traveler at this day, 
when his guide points out the ground they severally occupied upon the site 
of the present city of Mexico. These only united to form the Mexican 
monarchy in 1438. But by the beginning of the sixteenth century, Tlacopan, 
Tezcoco and Aztecan Mexico were practically united in one Confederacy. 
I cannot see how there is any room for question that the League had 
become a single nation, powerful enough to absorb all minor ones—outside 
of the Tarascos, and those Guastecos, who in Tamaulipas, under Cortina, 
are giving Texas so much trouble at this time. There survived, it is true, 
a few small independent nationalities. There was the priestly government 
of Cholula, and the moderately warlike kingdom of Aculhuacan, and the 
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Republic of Huexotzingo, and the stronger Republic of Tlascala, which 
was fighting for its independence against overpowering odds, when Cortez 
arrived barely in time to save it. Mr. Prescott has no authority for saying 
that the more widely the Aztec Empire was extended, the weaker it be- 
came. On the contrary, Mexico, under Montezuma II was as much a 
homogeneous nation between the Atlantic and Pacific for ten degrees of 
latitude, as Spain was then from the Mediterranean to the Pyrenees ; more 
than England was from the Channel to the Highlands of Scotland. 


I like touse dates when I can. In Europe we have 1519 as the year of the 
accession of Charles Vin Germany. Three years before, the Fleming had 
become King of Spain. Four years before, Francis the First had become 
King of France. Ten years before, Henry the Eighth had ascended the 
throne of England. But in the spring of 1519 Hernando Cortez wooed 
his Malinche Marina in Tabasco and sailed with her to Vera Cruz. He 
entered the City of Mexico a conqueror, August 13, 1521. 

With the effect of the European element introduced by Cortez you are 
familiar. The complete disintegration of all indigenous national com- 
binations went with the extension over the Grand Mesa of the Spanish 
arms, laws, religious and social usages. We may safely speak of the 
Spanish rule as having continued absolute for more than two hundred 
years, 

When, towards the close of the last century, the ethnological differences 
prevailing in Spain asserted themselves anarchically there, surprise is ex- 
pressed at the slowness which her colonists evinced in throwing off the 
yoke. It was an uphill business in Mexico, and was managed there in the 
old time Spanish way—by men almost exclusively of Spanish blood. 
Their movement was not apprehended by themselves to be anarchical. 
They, at least thought that their cause was that of order, union and re- 
ligion. 

Hidalgo was a Spanish curate. Take his date as 1810. He was caught 
(where I came near coming to grief myself) at Bajan, in Coahuila, March 
the 21st, 1811, and shot the following 1st of August. 

Matamoros, the curate of Jantetelco, was shot August the 3d, 1814, 
Curate Morelos, December 21st, 1815, and Mina, November 11, 1817. 
Yturbide proclaimed the Plan of Iguala February 14, 1821, and concluded 
the Tratados de Cordoba with Don Juan O’Donoju, September 27, 1821. 
Everyone of these champions of independence except Morelos, was clear 
Spanish, and the cry of the triumphant liberating army of the Three Guar- 
antees I believe faithfully expressed the feeling of what was then still 
subsisting a Mexican Nation. The motto was borne on the tri-colored flag 
which the nation united in adopting. It was “‘ Religion, Union and Inde- 
pendence.’’ 

Naturally we Americans have a prejudice against Yturbide because he 
had himself crowned Emperor in a cathedral, and perhaps because his 
family lived among us in their adversity, making themselves too 
familiar with us, particularly here in Philadelphia. But there was prob- 
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ably a good deal in Don Agustin before his head was turned. He had 
some excellent and faithful men, too ; and under him, or some of these, his 
nation, I think, might have hammered its music out. In my judgment, the 
Mexicans have always acted foolishly in imitating ourselves and the French. 
Their establishment of a Federal Government, October 4, 1824, with a 
constitution affecting to be more or less a copy of our own inconsistent bi- 
nate one, wasamistake. But in the end, under it, or something like it, they 
could possibly have made things work. But they have never had a fair 
chance. Their country was too rich to be let alone. 


Before they could set their first government in running order, foreign 
invasion, and threats of foreign invasion, compelled them to pay exclusive 
attention to their foreign instead of their domestic affairs. It threw into 
the background men of learning and men of moral worth, and brought 
forward the more brutal sort—the hombres de armas—men of the horse 
and of the sword—the curses of Mexico. These men were required to de- 
fend the people from those who should have given them common interests, 
but only gave them a common enemy. 


Indulge me, if you please, in a little more chronology. 


The gravest of Mexican errors, the expulsion of the Gachupinas, was 
brought on directly by the threat of Spanish invasion. 

Not a year after the last Spanish troops embarked from Vera Cruz, No- 
vember 18, 1825, the Padre Arenas conspiracy was under weigh. 

Barradas’ expedition actually landed in 1829. 

Our colonization of Texas, under Stephen Austin, had begun early in 
1828. Edwards’ effort at revolution came off there, if I remember, the 
year before. 

In 1832 our Texans united with Santa Anna in pronouncing against the 
government of Bustamante, and defeated the Mexican troops with loss. In 
1833 they separated from Coahuila. 

In 1835 and 1836 they—I had better say we—fought the Mexicans in 
Texas. We—our Government—formally acknowledged Texan indepeud- 
ence in 1837. 

1840 is the date of Ben McCulloch’s Texan Ranger fight. 

1841, 1842, 1843 are the dates of our expeditions against Santa Fe and 
Mier. 

In 1844 President Tyler concluded his Treaty of Annexation with the 
Texan Commissioners. We admitted Texas into the Union December 27, 
1845 ; fought our battles south of the Rio Grande in 1846-1847; patched 
up our so-called peace in 1848. 

We were hardly done with the Mexicans then before the French were 
at them a second time with their Reclamacion de los Pasteles—‘‘their Pie 
Claims,’’ as the Mexicans call them. I omitted to mention that in 1837, at 
the time when we acknowledged the independence of Texas, France was 
bullying Mexico about these Pasteles—claiming damages for pastry-cook’s 
trays and the like, to the tune of $600,000. In 1838 she had shown us, 
with a fleet of eleven vessels, how easy it was to humble Mexican national 
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pride, by taking the old fortress of San Juan d’Ulloa. How France went 
on after this, giving the Mexicans no peace, is the history so familiar to us 
of the famous Intervention. 

The Mexicans had France, Spain and England together upon their backs 
by 1861. Bazaine did not evacuate Mexico till 1867. 

Certain political wounds are too green for me to say what I think of the 
course adopted by the United States after this. 

I am unfortunate enough to entertain the conviction that in morals we 
are responsible for a great deal of the wrong which has been done. Break- 
ing off abruptly, I should beg you to pardon my apparently meaningless 
digression. I am not confident that I have made out my case, but I felt 
bound to put in a plea for my Mexican friends who appear to you inex- 
cusably engaged in the business of national suicide. 

So very few of our good men have ever met them, the Mexican good men 
and gentlemen, when the Erinnides were not pursuing them! I stand almost 
alone in declaring that I know them as uniformly courteous, and generous, 
and brave—worthy to be the sons of mothers who, rich and poor, gentle 
and simple, afford the world some of its fairest examples of devoted ten- 
derness and saintly piety.—Admit that they seem to be given over to the 
Furies. If they deserve our censure, they are entitled to our pity. 


This said, I will return to what I think indisputably true. The history 
of Mexico for the last half century is that of the resolution of a population 
more and more into its constituent elements. The different races have 
asserted themselves, or have been used by the various politicians to enforce 
their pretensions, Some of these fellows have been strongly backed, per- 
haps by the remnant of a former ancient confederacy or union of several 
tribes having similar ethnological characteristics ; others have appealed only 
to the interests of single tribes or half tribes, as insignificant as the following of 
the ten-vote repeater who traffics for office on our State House Row. The 
same phenomenon, the thought occurs to one, is seen in every country, 
but it looks uglier where it is associated with the direct employment ot 
physical force. Running up from Acupulco, in 1857, I saw ‘the 
Southern Tiger’’ Alvarez. A straight-limbed old Indian—not a trace of 
Spanish was discernible in him or any of the squaws decked in French 
dresses who constituted his dusky harem. King of Guerrero his flatterers 
called him. Before the Conquest he would probably have been King of 
Michoacan. He might then have fought a Moctezuma. In our times he 
fought and overcame a Santa Anna. 

Alvarez would have been at either epoch neither more nor less than 
Head Chief of Tarascos. 

I will take a second example from the other extremity of the Republic. 
Tamaulipas on the Gulf of Mexico is another renowned nursery and cradle 
of Revolutions. It is a unit in politics. If a Mejia has it, he is as sure of 
his following asa Bayard in a southern county of Delaware. Only, its 
warriors do not turn out to vote. They follow him with horses and arms, 
and expect him to supply them with ammunition. Tamaulipas is popu- 
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larly spoken of asa State. It is regularly divided into three districts—del 
Norte, del Centre, del Sur—and sends its nominal representatives often to 
the Federal Capital. But it is nothing more nor less than the old country 
of the Guastecos, which was imperfectly Subdued, even by the Spaniards 
in their day. And Tamaulipas too has its Head Chief now, a Major 
General, and Lieutenant General, and Excellency, Governor Supreme, and 
so forth—Cortina. And Cortina is all and singular, gold lace and epau- 
lettes included, just about the blood thirstiest savage existing on the Con- 
tinent. 


What have we to study in Mexico ethnologically, besides the descendants 
of the primitive inhabitants? The Gachupinas? They are better studied 
in the land of their derivation. What else then for the study of the 
ethnologist in Mexico? Alas! The Mixtures. Nowhere is there presented 
a greater variety of these than in Mexico. Every proportion of every 
variety of Spaniard ; with every proportion of Indian, Mediterranean 
man, Moor and Negro. Nothing can be more distasteful to the inquirer 
who desires a simple study, than the variety of mental and moral charac- 
teristics which we find in the Mestizoes is associated with their diversity of 
physical constitution. 


Among the mixed breeds the difference in the proportion of the charac- 
teristics derived from the different ancestors introduces anarchy into social 
circles, into the family itself. The appetites, the passions, the powers, the 
higher aspirations of one child are impatient of, are directly hostile to those 
which contribute in a different proportion to form the character of another. 
Here tien, among the people of mixed breed is the Debatable Ground, the 
field for the intrigues and machinations of the designing politician. The 
typical politician of Mexico is himself the result of a mixture. He is rest- 
less, because the different elements in him vary his desires and aspirations. 
They are not the same at different periods of his life, are modified by the 
company he is keeping. He is inconsistent, when the medium in which he 
lives undergoes change. He lies, perhaps for the same reason that he is in- 
consistent. He is deliberately perfidious even, and then is the last man on 
earth to know how little he is to blame for being so, Who is to blame for 
his ferocity combined with gentleness, for his mingled generosity and 
ravin, his instincts of high honor united with deceit ; yes, with revolting 
treachery. The answer is, the man who is responsible for his being the mixed 
man that he is; the Spaniard who was his ancestor is the culprit, who 
basely mated with the Indian woman from whom the Indian part of him 
is derived. 

We havea distinguished Professor of Princeton proposed for membership 
to-night, whose ripe scholarship the Society will doubtless honor with the 
tribute of an election. There are members of the Society on the floor before 
me who believe (and they are entitled to their belief, though it is not my own) 
that there is an Ultimate Philosophy which will harmonize all knowledge 
with Religion. Indeed, I know that there is one, my valued friend, who 
goes so far as to entertain the conviction that Theology is entitled to be 





. 
Kane. } 2 (Jan. 19, 


ranked among the Exact Sciences. TosuchI would turn, and, adopting the 
terminology of that imposing study, would indicate the value of Northern 
Coahuila as a Hell where we can study faithfully what Sin means. We 
need be at no loss there for examples, for proofs that the sins of the fathers 
are visited upon the children—and that, beyond the third and fourth gener- 
ations. 

The splendid conqueror still dazzles our eyes as he flashes across the 
page of history. We realize how chiguard it seemed to many a young Span- 
ish noble of pure blood to follow in the footsteps of Hernando Cortez, 
to carry about or be carried about by, to lead or be led astray by his 
Malinche—but we have come down to the end of that nice business. The 
dreadful end! The savage Indian would not now be re-asserting his 
savage characteristics, but for the aid lent him by the Devil working through 
the illegitimate descendant of the Spaniard. There is no mistaking it; it 
is the Red Savage—the old Adam—terra rubra there, out upon the warpath. 
The Spanish military rule first overthrown, he has subverted the civil 
order which it sustained. For the law which the Spanish introduced (a 
stately system not unworthy of its Latin origin) he prefers, perhaps on the 
way to re-introduce ancient barbarous and local usages, the momentary 
will of the last chief under whom he has fought as a brave (bravo) in battle. 
The language, for the birthright to use which all Christendom envies the 
Spaniard, he is expelling from the country by debasing it more and more 
with his native Indian below standard. Finally, he is destroying the last 
bond which holds the peoples south of the United States together, their 
religion. Under Juarez, who faithfully merited his surname of El Indio, 
and his successor, Lerdo, the persecution of the Catholic Church has been 
successful in eradicating true religious feeling to an extent which, before 
my last visit, I could hardly have believed possible. Among the ruling 
politicians in the north, I did not meet one man who, in conversation 
with me, did not proclaim himselfsuperior to ‘‘ Superstition.’’ The author- 
ized school books, in the miserable attempts at public schools, taught 
Huitzilopochtli (alias Mexitli),! Melantiuctli,? Tezcatzoacatl,* and the 
glories of Netzahual-coyotl* and Cuahtemoc.® 

These be thy gods, O Israel ! 

There were old Spanish churches left, many of them not yet fallen to 
ruin, into which occasionally glided a few women muffled in black shawls, 
with their little children. Then a proscribed man might skulk in, per- 
haps, through a little door under the altar, and don for the mass priestly 
vestments which he was not allowed by law to wear outside the church. 
But the building you would find did not belong to him, but to the State. 
He could not, nor could any religious corporation, own property as re- 
ligious societies do in the United States. Ifthe Spanish bells in the tower 
were not melted down, he had no right to ring them; not to announce 
fair daylight to the sick- bed, not to bid an Angelus tell the laborer that it was 


Gods—1l. Of War. 2. Of Hell. 3. Pulque. 4, Tezcocan King, d. 1436, 5, Ene- 
my of Cortez, d. 1525. 
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noon, not to sound a Vesper to ‘‘regret the dying day.’’ But in the very 
midst of his murmured masses, in the crisis of the elevation of the Host 
itself, he might be interrupted by ruffians rushing in to ring a peal of their 
own, upon the receipt of news of some murderous victory, real or pre- 
tended. 

In two skirmishes, so-called ‘‘ battles,’’ which I was regaled with, the 
church was the centre of the fight. In Monclova the women ran out of 
the church when the firing began, as they might with us after service, 
from a gathering thunderstorm. This was Sunday, November 12th ult., 
about noon. N. B.—Remington (American) bullets whistled about their 
ears. 

Hoc ab initio persuasum civibus dominos esse omnium rerum ac moder- 
atores DEos; eaque que gerantur, eorum geri vi, ditione, ac numine. 
° * * * His enim rebus imbutze mentes haud sane abhorrebunt 
ab utili et vera sententia. It was an exotic—the Roman Religion—an im- 
ported article ; but it was the last bond left to tie a good many unhappy 
souls together. It is nearly worn through. The last strands are parting. 
In short, the way things are going on, ten years ought to be a generous 
allowance for Mexico to rehabilitate the worship of her indigenous Gods 
of Hell, and Pulque, and War, and the sanction of public human sacrifice. 


A continuation of Researches among the Batrachia of the Coal Measures 
of Ohio. 


By E. D. Cops. 
(Read before the American Philosophical Society, February 3, 1877.) 


The material described in the following pages was obtained from the 
coal strata at Linton, Ohio, during the Summer of 1876, by Prof. J. 8. 
Newberry, Director of the Geological Survey of Ohio. 


ICHTHYCANTHUS OHIENSIS. Cope. Gen. et sp. nov. 


Char. Gen. These are derived from the posterior dorsal and caudal 
vertebra, with adjacent parts. Posterior limbs well developed, with dis. 
tinct tibia and fibula, osseous tarsus, and probably five digits. Ribs elon- 
gate, simple, curved. Abdominal armature consisting of bristle-like rods 
in anteriorly directed chevrons. Dorsal vertebre not elongate, with sim- 
ple neural spines. Tail large, its vertebra ossified, and furnished with 
slender chevron bones which terminate in a hemal spine. Neural spines 
slender and directed backwards ; the caudal series somewhat resembling 
that ofa fish. All the centra amphiceelian. 

This genus differs from all those with enlarged and sculptured neural 
spines, and from those with abdominal scuta. It is equally distinct from 
those without ribs, abdominal rods, or limbs. It is possible that some of 
the species referred to Tuditanus, in which these parts are unknown, may 
belong to it, or that it may be established on a small species of Leptophrac- 
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tus, & genus only known as yet from cranial remains. With present know}l- 
edge the reference of the J. ohiensis to the latter genus is inadmissable. The 
cranium, thoracic region, and fore-limbs of Jchthycanthus are unknown. 

Char. Specif. The centra of the dorsal vertebre are about as long as 
deep, and their sides are deeply concave : there are four anterior to the 
pelvis which are without ribs. The caudal vertebrae are robust, and seven 
from the first, support a small tubercule-like diapophysis. The chevron 
bones are short and acuminate ; the neural spines are a little shorter, nar- 
row and truncate, and directed backwards at the same angle as the chevron 
bones. They are much reduced on the eighteenth caudal vertebra, where 
the chevron bones are considerably longer. 

The abdominal rods are quite slender. The hind limb is quite stout for 
this order. The femur is regularly expanded at both extremities, but the 
distal is deeply and openly grooved, distinguishing the condyles, while the 
proximal end is plane. There is no trochanter visible. The ulna and ra- 
dius are well separated, and are three-fifths the length of the femur. There 
is a large fibulare tarsal bone of a subquadrate outline. In immediate con- 
tact with it is the probably external digit with five phalanges or segments ; 
the ungual is simply conic. The femur is as long as five dorsal vertebre. 
The ribs have expanded, undivided heads, and extend to the abdominal 
armature. 


Measurements. M. 

Length of last ten dorsal vertebrae. ...............20008 .047 
x ‘* first twenty-three caudal vertebre........... 117 
ig ERIN Groen eae -029 

- " +s dorsal vertebra. ...........ssee0. 005 

- ** twenty-second caudal vertebra.............. 005 

“ PN 6 sc EbOed pec dans veedeesvecvctuvcbeds .025 
Proximal diameter of femur..................seeeecees .008 
WOO Oe BPO Os os cc ehocceceesccecccvccesvcsccecee -009 
PRM SIPING is Cis eG odes ccc cee bbees based sicccages 015 
” oF GEE POG cress iawvn pasnieg es socwcse cn -006 
n At Es nme 9.5 Gate's he ees REedens cape Aes beoen .027 


This salamander is about the size of the Menopoma allegheniense. 


ICHTHYCANTHUS PLATYPUS. Sp. nov. 


This batrachian is represented by almost the same portions of the skele- 
ton as the preceding species, furnishing a good basis of comparison. It is 
very well preserved, displaying the characters especially of the hind foot, 
which is almost entirely represented. ; 

Several features distinguish it from the J. ohiensis, one of which is of 
more than usual value if correctly indicated by the fossil. There are ten 
vertebre from anterior to the sacrum preserved in place, and none of them 
supports a rib, nor are there any ribs visible anywhere on the block of 
shale. I suspect that they exist on more anterior vertebra, or may have 
been displaced to a more anterior position than they normally occupy. 
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The abdominal chevrons are more anterior in position than are those of 
the I. ohiensis. The hind legs are longer than in that species ; in this 
one the femur equals seven and a-half vertebral centra in length. The 
external digit on the other hand, while bearing five phalanges, is distinctly 
shorter. The fibular tarsal is of a transverse oval, not quadrate, form. 

The dorsal centra are short and deeper than Jong ; the neural arches are 
elevated, with short but distinct zygapophyses, and a flat subquadrate, 
superiorly truncate neural spine. They bear short, vertically compressed 
diapophyses near the bases of the arches. The neural spines of the caudal 
vertebre become rapidly more slender, and also diminish in length, while 
the zygapophyses are continued to the fifteenth vertebra, where the series 
is broken off. The chevron bones are slender, and enclose a moderate 
heemal arch. 

The femur is gradually expanded to the extremities. Proximally there 
is a trochanteric ala besides the obtuse head. Distally the condyles are 
well distinguished, the external or fibular being truncate. The fibula is 
less than three-fifths the length of the femur, and is expanded at both ex- 
tremities. Two proximal tarsals are distinct ; the one next the fibula is 
larger than the other and transverse suboval in form. It has a median 
dividing ridge as though composed of the fibulare aud intermedium codssi- 
fied. The ¢idiale is subtriangular. There are five distinct phalangeal tar- 
sals. The toes are in the order of their lengths beginning with the shortest, 
1—2—5-—-3—4. Their phalanges (including metatarsals) are, in the 
proper order, commencing with the hallux, 3—3—4—?5—5 ; the distal end 
of the fourth finger being lost. These bones are rather stout, and the un- 
guals are simply conic. The form of the foot is short and wide. The 
number of phalanges is nearly similar to that I have found in the AmpjAzi- 
bamus grandiceps, excepting that in that species the fifth digit has but four. 
They are more numerous on most of the digits in Sauroplewra digitata. 


Measurements. 


Length of ten dorsal vertebrae... ...........0-seeecees d 

- ‘* fifteen caudal ‘‘ 

” ‘* the centrum of a dorsal. .........ce.ccecees -0038 
Total elevation of a posterior dorsal................+6+ -014 

‘* of posterior of zygapophysis of dorsal............ -010 
BMGT OF FOIE. oo sec cccncesccccwscsssesccesccsces 6 032 
Diameter of femur medially. ............seeeececeeees 0045 

. 0 OO QRS Saivccccscesscvcsccccccsees .0083 

EN OE D6 ES EBRD ieee s 0 FS CERN .018 
Diameter of fibula proximally. ..............2eeee008- .007 
Width of sole at second row of tarsal bones............ .017 
Length of foot to end of third digit................0.- -031 

* ** firat Gigit... ...cccccccccsscess aviesbwe vee’ 010 

ne “third “ 
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LEPTOPHRACTUS LINEOLATUS. Sp. nov. 


This large batrachian is represented by the middle portion of a cranium, 
including parts of both jaws with numerous teeth. It is not easy to deter- 
mine which of the tooth-bearing bones preserved is maxillary and which 
dentary, but the lighter and thinner of the two is presumably the latter, 
although it has the greatest vertical depth. The opposing bone supports 
two types of teeth, and as this is only the case in the maxillary of Lepto- 
phractus obsoletus, the present bone may be provisionally referred to that 
position. 

There is a great difference in the sizes of the two types of maxillary 
teeth, the larger having nearly three times the linear dimensions of the 
latter. The small ones are rather distantly placed, being separated by in- 
terspaces nearly equal to their lengths. They are cylindric at the base, but 
become compressed, and have two opposite cutting edges on the apical 
third. They are of rather slender form, and are striate at the base. The 
longer teeth have a similar form, but are less strongly compressed distally, 
where there are two opposite cutting edges. The basal portion is quite closely 
striate. These teeth are on a different basal line from the small ones, since 
when their bases are removed the latter appear behind them. Three smaller 
teeth stand in the spaces between two large ones. 

The mandibular teeth are intermediate in size between the large and 
small ones of the maxillary series, having a little more than half the linear 
dimensions of the former. Their terminal three-fifths are compressed, and 
furnished with fore and aft cutting edges. 

The surface of the bone, where visible, does not display the punctate 
sculpture of that of the Z. obsoletus, but is nearly smooth, displaying only 
fine parallel incised striz. 


Measurements. M. 


Depth of dentary bone at middle. ............seseeeees = 030 
Length of mandibular tooth. ........ .ccccesccccececece .009 
Antero-posterior diameter of mandibular tooth at base... .0035 
Length of long maxillary tooth... ...........ceeseeeee8 .022 
Antero-posterior diameter do. at base..... jaeeeeel Nees -006 
Length of small maxillary tooth............... toedees 007 
Antero-posterior diameter do. at base..............+6-- .002 


The smaller size and slender form of the smaller maxillary teeth, as well 
as the peculiar sculpture distinguish this species from the ZL. obsoletus. 

Another specimen of Leptophractus resembles the one above described in 
the form and disposition of the teeth, and has the osseous surface of both 
maxillary and dentary bones marked with shallow grooves and punctate 
impressions which do not inosculate. In this it resembles the maxillary 
bone of the large specimen figured on Plate XX XVII of the second volume 
of Paleontology of the Report of the Geological Survey of the State of 
Ohio. 
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TUDITANUS TABULATUS, Sp. nov. 


This species is indicated by a specimen which includes a cranium, and 
the anterior part of the vertebral column. It is very well preserved on a 
block of shale, on both faces, and exhibits the constituent pieces of the cra- 
nium, the vertebra, one of the thoracic shields with probable ribs. In all 
respects it conforms to the genus 7Juditanus in characters ; presenting a 
broad, flat head ; osseous vertebree and ribs ; thoracic shields present, and 
abdominal chevrons probably absent. The last character is not abso- 
lutely assured, since the posterior two-thirds of the vertebral columns are 
wanting. 

The cranium is wider than long, and the muzzle is broadly rounded. 
The orbits are wide ovals, and their posterior borders fall little behind the 
transverse line dividing the skull equally. The interorbital width equals 
the longitudinal diameter of the orbit. The posterior outline of the cra- 
nium is truncate in a straight, transverse line between the prominent epi- 
otic angles. The distal extremities of the quadrates do not project so far 
backwards as the epiotic angles, and are still further removed from a trans- 
verse line marking the extremities of the occipital condyles. In this re- 
spect this species presents a strong contrast to the Pelion lyellit, where the 
ends of the quadrates extend posterior to the latter, points. The composi- 
tion of the superior cranial walls much resembles that of the T'uditanus 
vadiatus. The epiotics are large bones, longer than wide, and present 
outwards strong angles, which correspond with the horns of Ceraterpeton. 
They enclose between them the posterior portion of the parietal, and the 
supra-occipital. The latter is a transverse bone, and not quite symmetrical 
in the specimen, one end having a greater antero-posterior extent than the 
other. The parietal is the largest cranial bone, is undivided, and is pierced 
by a median foramen behind the centre. Its general form is broadly wedge- 
shaped, the lateral borders expanding in front of the fontanelle, and con- 
tracting between the epiotics. The frontals are distinct and rather narrow. 
The post-frontals are rather large, are in close connection with the parie- 
tal on one side and the jugal on the other, and send a point backwards be- 
tween the epiotic and supratemporal. The jugal widens fan-shaped back- 
wards, joining two bones distally, a superior and an inferior. The former 
is the supra-temporal, but whether the inferior is quadratojugal or squa- 
mosal, I cannot determine. The boundaries of the bones of the extremity 
of the muzzle are not distinct. 

The sculpture of the surface of the cranium consists of parallel ridges 
which are separated by grooves equal to them in width. The ridges radiate 
inwards on the epiotics and frontals, and outwards on the squamosal, and 
are transverse and interrupted on the supraoccipital. The lateral thoracic 
shield is covered with a similar sculpture of uninterrupted somewhat 
radiating ridges. The vertebre are osseous, and rather small compared 
with the size of the skull. Opposite to the posterior extremity of the pec- 
toral shields is a pair of slender bones, which are gently expanded and 
truncate at the extremities. It is not certain whether these belong to the 
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forearm, or are a pair of short ribs. Impressions only of the teeth remain ; 
they indicate small pleurodont denticles like those of the Anura. 


Measurements. 


Length of cranium above...... . 
Width “ " vsb-oaharnt 
‘* between epiotic angles......... 
‘* of interorbital space...... 
oh Mes cts aeedse 
RN ear aens ace 
‘* skull to fontanelle . 
‘** from orbit to nares 
‘* lateral pectoral shield 
* GUNG. 60s Kovoowse 


Width “ * 


This species of T'uditanus differs from the 7. radiatus in the larger and 
less anteriorly placed orbits, and in the large truncate posterior table of the 
skull. The proportions of the latter are more those of P. obtusus, but the 
epiotic angles have not Been observed in this species, the sculpture is punc- 
tate not linear, and the form of the supraoccipital is quite different. Com- 
parison with the other species referred to that genus is unnecessary, ex- 
cepting in the case of the 7. mordaz. Further examination of the speci 
men on which the latter was founded leads to the belief that it isan imper 
fect cranium of Ceraterpeton punctolineatum Cope. The latier name, as the 
preferable one, may be adopted, and the former becomes a synonym. 


COLOSTEUS SCUTELLATUS, Newberry; Cope, Rept. Geol. Surv. Ohio, 
Paleontology Vol. II, p. 407. 

Another specimen of this species was obtained by Prof. Newberry during 
the past season, which includes some parts of the skeleton not previously 
observed. 

The specimen presents a superior view of the ventral and thoracic pro- 
tective armature, and of the posterior portion of the cranium. As hereto- 
fore, I find no indications of vertebrae, but along one side of the ventral 
scutellation, a series of slender ribs lies in the matrix. These I have not 
previously found’in this genus. The cranial surface is only preserved on 
the lateral portions. Its sculpture consists of coarse grooves closely placed, 
directed outwards and forwards. 
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On a Dinosaurian from the Trias of Utah. 
By E. D. Corr. 


(Read before the American Philosophical Society, February 16th, 1877.) 


DysTRoPH2vs, Cope. 


This genus reposes on scanty remains, but which are in good preserva- 
tion, and which present marked characters. The bones consist of the hu- 
merus, three metatarsals, some ?tarsals, and the distal end of an ?ulna, 
with a probable sternum and an inferior element of either the scapular or 
pelvic arch, probably the latter. There is also a number of fragments, 
which are not easily identified. The specimens were discovered by Prof. 
J. 8. Newberry in South-eastern Utah, while acting as Geologist to the 
Engineer Exploring Expedition under the command of Captain McComb, 
United States Army, He excavated them from the red and green rocks 
usually referred to the Trias, hence from the same formation which yielded 
the Typothoraz already described. Professor Newberry made sketches of 
the bones as he exposed them. They were all, he states, found in close 
proximity, the bones of the limb in nearly normal relation. It is alto- 
gether probable, according to Professor Newberry, that they belong to a 
single animal. I find nothing to forbid this supposition and much to con- 
firm it. 

One of the most remarkable bones is a broad, flat element, one of whose 
borders is digitate, the processes being long, and separated by deeply entrant 
sinuses. Two sides of the bone are broken away, but the others give ori- 
gin to five digitiform processes. Two of these are larger and longer than 
the others, and externally on the right side is a shorter one. Outside of 
this is a larger process whose extremity is recurved so as to be subparallel 
with the longer processes, and which was connected with another bone by 
an articular surface. This information is derived from Prof. Newberry’s 
notes made in the field. It is probable that this bone is the sternum, and 
that the articulation mentioned is costal. It is not certain whether the 
longitudinal meridian line passes through a sinus or a digitation, but a pro- 
jection of the surface of the plate, which is probably median, is opposite 
one of the latter. Supposing then that the sternum is produced into a 
median posterior process, we find a resemblance to the corresponding ele- 
ment in many birds not heretofore known among reptiles. There are in that 
case three postero-externally directed processes on each side, of which the 
two posterior are free. Another interpretation might be that it is a cora- 
coid with anterior digitatiors. In this case the articulation above men- 
tioned would be anomalous. The number of digitations is too great for 
this element, and the space remaining for contact with the sternum is too 
small. 

Another large flat bone approximates a right-angled triangle in form, 
the length greatly exceeding the width. The right-angle is massive and 
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produced, and is evidently the point of connection with the other parts of 
the skeleton. The bone is flat on one side and convex on the other, and 
can only be identified with probability, with the scapula of a Dinosaurian 
reptile. 

The large size of the anterior limb, which might be inferred from this 
scapula, is justified by the humerus, which is preserved in almost perfect 
condition. This humerus is one of the longest, and is distally the most 
contracted known in the Dinosauria; the proximal extremity is of the form 
usual in that order. A short distance below the head, the section is T- 
shaped, with one end of the transverse limb shorter than the other. The 
ridge of which this limb is a section, is almost wanting at the head, which 
is thus '-shaped, The limb representing the stem of the T is stouter than 
the others, and forms the summit of a massive column, which soon sinks 
into the shaft. Its free extremity is obtuse and rounded, and though repre- 
senting the head, does not rise above the level of the other crests, or tuber- 
osities. The distal extremity of the humerus looks much like that of a 
tibia. It is truncate, and its long axis is in the plane of the tuberosities of 
the head. Its outline is oval, one end narrowed to an angle, and the other 
broadly rounded. The surface is roughened with coarse pits. 

The distal extremity of another long bone, most probably the ulna, is 
more robust than that of the humerus. The shaft is a flattened oval, and 
the articular extremity is a wide and somewhat irregular oval, the greatest 
transverse diameter being nearer one end. The articular surface is 
roughened with coarse pits. 

Three metatarsals were found in immediate proximity to each other, 
two in nearly their normal relations, and one slipped forwards. They are 
neither remarkable for length nor abbreviation. The proximal ends are 
truncate, and the distal ones convex, but without distinct median grooves 
or lateral angles. Both extremities are moderately expanded, and the 
shafts are contracted at the middle. The external bone is a little shorter 
than the two others, and is more flattened. It has a slightly-defined con- 
vex head, with an adjacent prominent, but ill-defined, lateral crest. The 
larger of the longer bones has a crest at one angle, like that of an olecranon 
process. The proximal end of the same bone is massive, and is trapezoidal 
in outline; the outline of the corresponding head of the adjacent bone is 
triangular. A marked character of these bones is the rough or pitted sur- 
face of their articular extremities, except the distal end of the shorter bone. 
The shafts are solid, and filled with nearly equal, coarse cancelli. 

The bongs above described are evidently those of a Dinosaurian reptile, 
and they present characters which have not been previously observed in 
any other genus of the order. The form of the condyles of the humerus 
distinguishes it from the other known genera, especially from those of the 
European Trias, where the crest is weak or wanting. 

The rugose articular surfaces are also peculiar, indicating less than the 
usual mutual movement of the bones upon each other. A cartilaginous 
cap is indicated, which was probably the element from which the mam- 
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malian epiphysis was derived. The sculpture of the surfaces is coarser 
than that to which epiphyses are attached in the Mammalia. The name 
of the genus expresses this character. 

It is altogether probable that this genus embraced terrestrial animals, 
with powerful fore- and hind-limbs subéqually developed. The typical 
species is of gigantic proportions. 


DysTROPHZUS VIZMAL, Cope. 


In the supposed sternum of this animal (which I have not seen, but 
which was sketched by Professor Newberry), a rather small, slender and 
compressed process projects from near the middle of one of the sides at right 
angles to it. Only two of the lateral processes are represented as complete. 
The longer is subspatulate ; the shorter subacuminate. The scapula pre- 
sents three complete borders,—the proximal and two lateral ; but the distal 
is not known. Without it, the length is two and one-half times the breadth. 
The point of junction of the longer (and perfect) short border with one of 
the long borders, is much thickened, terminating in a mass of bone which 
is unfortunately broken, but whose section in the line of the end border is 
a wide oval. From this point, the plate thins away to the various borders. 
The greatest thickness is nearer the border which terminates in the en- 
largement described. This surface is then gently convex in transverse sec- 
tion, while the opposite one is concave toa less degree. It is thicker at the 
middle than at the anterior border in a longitudinal direction. 

The proximal extremity of the humerus is much expanded. The greater 
tuberosity is a huge crest, as prominent as the head, and separated from it 
by a marked concavity which constricts the mass connecting it with the 
head, thus forming a neck. This concavity extends about one-third the 
length of the shaft. On the opposite side of the head a similar concavity 
excavates the shaft, separating the internal from the interior ridge. The 
latter is in its middle portion as prominent as the external ridge, and ex- 
tends as far downwards. The extensive external face of this part of the 
bone is nearly flat. 

The internal ridge descending from the head, continues into the poste- 
rior border of the interior face of the shaft. The great tuberosity continues 
into the single external ridge of the shaft, which is thus near the middle tri- 
angular in section, the base of the triangle internal. The external extremity 
of the distal end is therefore an angle, and the internal a convex side, 
shorter than the anterior and posterior sides. A ligamentous groove marks 
the posterior border of the extremity at a point measuring one-third of its 
length from the external angle. The expanse of the distal extremity is not 
more than three-fourths that of the proximal. The entire bone so resem- 
bles a tibia, as to have induced me to refer it at first to that element. The 
characters of the proximal end are such as to render such identification 
highly improbable. Such reference would also require that the distal ex- 
tremity should have a fore and aft direction, an arrangement incompatible 
with the tibia. 
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The displaced metacarpal is flattened, and expanded at the extremities. 
One side is nearly flat, but slightly concave in the longitudinal direction; 
the other side is convex and nearly level in the longitudinal direction. 
The lateral borders of the shaft are thus narrowed. The distal end displays 
a convex condyle, and a flat, prominent ala, which is in the general plane. 
The ala is separated from the condyle by a deep groove on the convex side. 
The condyle is a half-hemisphere only, presenting only with the convex 
side of the shaft, from which it is not separated by a constriction. It is 
bounded at its distal edge by an angle, which is a continuation of the 
proximal edge of the ala. The proximal extremity is injured at one angle, 
but, with this complete, would be nearly a regular rhomboid with parallel 
longer and shorter outlines ; the acute angle of the latter being the con- 
tinuation of the lateral border of the shaft. The extremity is subtruncate, 
and part of the surface is irregularly excavated by pits and grooves. The 
transverse extent of the proximal end, when perfect, was probably a little 
greater than that of the distal. 

The two adjacent metacarpals are subequal in length, and longer than the 
displaced one by one-fourth the length of the latter. One of these bones is 
throughout rather thicker than the other, although the transverse diameter 
of the shafts is equal ; but the stouter bone is considerably more dilated at 
the extremities. The distal end of the stouter bone is thickened in the 
direction at right angles to the plane of the limb ; but the chief expansion 
is in that plane. The angle next to the other bone is protuberant, while 
the other angle is expanded into a sharp, convex crest, or ala. A section 
of this extremity is diamond-shaped, with one of the lateral planes pro- 
duced into this crest, while the corresponding border of the opposite side 
drops down, being represented by a mere convexity of the surface which 
continues to the crest. The surface of the extremity is irregular. The 
section of the shaft is a broad oval, becoming subcircular nearthe proximal] 
extremity. The latter is enlarged in both directions. It is a rectangle in 
outline, a little extended in the plane of the limb, with one of the angles 
cut off from the corresponding angle to the middle of one side. - The long 
side thus left is slightly convex, and ends in an angle. The side subtended 
by this angle is slightly concave, and is approximated to the other bone. 
The opposite side is slightly emarginate near the middle. Its surface is 
very slightly convex, and is irregularly grooved and pitted. 

The more slender of the two bones is but little and about equally ex- 
panded at the opposite extremities. The distal end would have an ovoid 
section, but for the fact that it is obliquely truncate at the extremity next 
to the other bone. It is convex in the antero-posterior direction and plane 
in the transverse ; its surface is grooved and pitted. The side next to the 
other bone is flat or slightly concave at the distal end, and, though thicker 
than the external border, becomes rounded at the middle of the shaft, and 
is again flattened at the proximal extremity. The external border is dis- 
tally produced into an obtuse angle; lower down, the shaft has a thin, 
angular border. The proximal end has less antero-posterior diameter than 
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the distal, and is subtriangular in outline ; the apex being acute and ex- 
ternal. The surface is flat, and is strongly marked with deep grooves. 
The other surfaces of the limb-bones are smooth, except.a few weak ridges 
near the distal ends of the two distal bones. 


Measurements. 


Length of part of scapula preserved..... ee heehee esewe 
Width at middle 

Thickness at middle..... i spain ga eiai'e-& ohwiale are 

Thickness at proximal angle 

Total length of humerus... 0... cccscccccccescscccccs 0. 
at head 

at tuberosities 
antero-posterior 

transverse 

antero posterior... 

GRINS 2 Loma shoes cccus 0.145 
Transverse diameter of head of humerus 


Diameter of proximal end ' 
Diameter of shaft ' 


Diameter of distal end | 


is , ‘xtremity of ? ulng 
Diameter of extremity of ulna 0.150 


Length of external metacarpal 

antero-posterior 0.045 

PUI eG Aciba cawtvecsses sve 0.100 

antero-posterior 0.033 
0.067 

antero-posterior 0.050 

| ae eee er ere Oe 0.115 

Length of median metacarpal (stouter)................ 0,245 

antero-posterior 0.057 

transverse one O195 

Diameter of shaft (transverse) 0.055 

antero-posterior 

PROVING 6 nnd. cccvicce pevesccess - 0.088 

Length of median metacarpal (slender) 0.240 

antero-posterior 

transverse 

Diameter of shaft (transverse) 

antero-posterior 

transverse 


Proximal diameter | 
Diameter of shaft ‘ 


Diameter distally | 
Diameter proximally { 
Diameter distally ‘ 
Diameter of proximal end ' 


Diameter distally ' 


More than usual interest attaches to this fossil. It is the first one found 
in the Triassic beds of the Rocky Mountain region, and was derived from 
an inhospitable region rarely traversed by white men. The locality is 
in the Painted Canyon not far from the Sierra Abajo in South-eastern 
Utah, near the Colorado boundary ; lat. 38° 15’ ; lon. 110°. This canyon 
is one of those tributary to the Great Colorado River, and is without water. 
The rock is described by Prof. Newberry as the same as that which I 
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have identified in New Mexico as the Trias, and is of the usual red color. 
The occurrence of a terrestial Dinosaurian at that locality tends to con- 
firm the conclusion to which I have already attained, that this immensely 
extended deposit is of lacustrine character. 


On a New Proboscidian. 
By E. D. Cops. 
(Read before the American Philosophical Society, March 2, 1877.) 


I recently received from a correspondent in one of the Southern States, 
a fossil of unusual interest. It is a molar tooth of a proboscidian, whose 
color and mineral character indicate that it was derived from beds of the 
Upper Miocene or Loup Fork epoch. Its roots are largely broken away, 
while the crown is nearly perfect. 

The crown consists chiefly of two transverse crests, which are separated 
by a deep uninterrupted valley. There is no general cingulum. Each 
crest is divided into three lobes, which are not deeply separated, but cause 
the edge of the crest to be serrate with three conic eminences. Of these 
the median apex has a rounder section, while the lateral are more trans- 
verse, rising at the external borders like the extremities of the crests in 
Mastodon ohioticus. The appearance of the base of the crown at one ex- 
tremity indicates that it was in contact with the preceding tooth. The 
opposite extremity of the base presents no such surface, and hence points 
to the conclusion that the tooth is the last one of the series. From the 
middle cone of the anterior crest a cingulum descends on each side, passing 
round the anterior base of the external cones. It is wanting at the ex- 
tremity of the base of one of these, and little developed on the other, but 
they reappear on the side of the base bounding the valley. They are 
crenately tubercular, except at the base of the median anterior tubercle. 
There is no cingulum at the base of the posterior crest, except the ordinary 
filling between the bases of the lobes. One of the extremities of the crests 
is a little higher than the other, and the basis is a little wider than at the 
other end ; it is therefore probably external in position. At the posterior 
base of this end is a fractured surface indicating a cingular tubercle of 
stout proportions, such as is more in place at the external posterior angle 
of the last superior molar than in any other tooth. 

The external cone is defined from the median by a fissure, while a better 
defined depression separates the median from the internal. This depres- 
sion is filled by a worn tubercle in the anterior crest. Ridges descend 
along the adjacent borders of the constituent cones nearly to the fundus of 
the valley, and the bases of the external ones are considerably wrinkled. 


Measurements. M. 

Transverse diameter of CrOWD..........eseeeeeceeeceee 130 
Longitudinal ‘ 8. - SRE c cs cdovensvesses «ONO 
" ° ee | ee 
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Elevation of external cusp. ...........cceercecsceceees -065 
yy internal ‘‘ -055 
Length between apices of external cusps............... .043 


The molar tooth described exceeds in transverse dimensions that of the 
Mastodon ohioticus, and evidently belonged to one of the most colossal of 
land animals. Its generic position is near to Mastodon and Dinotherium, but 
if the tooth on which my observations are based be complete, it is distinct 
from either. The possession of only two transverse crests separates it 
from the former, and would, were the tooth an anterior molar, refer it to 
the latter. As it appears to be a posterior molar, this view of its affinity 
becomes untenable, and I therefore establish for it a new genus, under the 
name CANOBASILEUs. The tooth described resembles that of the genus 
Tapirus, but differs in the absence of the external trihedral enlargement 
of the cross crests seen in the superior molars of the former, and also in 
the tubercular and fissured character of the crests proper. The species 
may be called C. tremontigerus. 

The typical specimen was probably obtained in Texas, but I am not yet 
informed as to the precise locality. 


CONTRIBUTIONS FROM THE LABORATORY OF THE UNIVER- 
SITY OF PENNSYLVANIA. 


No. VIII. 


On the Composition of the Natural Gas from certain Wells in Western 
Pennsylwania and New York. 


By Samvue. P. SApTLER. 
(Read before the American Philosophical Society, March 2, 1877.) 


In February, 1876, I read before this Society a paper giving some re- 
sults obtained in the analysis of the natural hydrocarbon gases of Western 
Pennsylvania. The material examined at that time consisted of the gases 
from the Burns Well and the Harvey Well in Butler Co., from the Rogers 
Well in Westmoreland Co., and the Cherry Tree Well in Indiana Co. 

During the past summer I was again engaged in the service of the 
Second Geological Survey of the State, and spent a month in the Oil re- 
gions of Pennsylvania. While on this trip I collected six new lots of 
natural gases and have recently completed my examination of them. 

These gases were the following : 

i. A new sample from the Harvey Well in Butler County. This was 
taken as in the previous case from the delivery pipe in Spang, Chalfant & 
Co.’s Mills at Altna, Alleghany County, Pa. An interval of nine months 
had elapsed and I wished to see if any differences in its chemical composi- 
tion could be made out as having occurred in the meantime. 

2. From a Well near Sheffield Station on the Philadelphia and Erie 
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R. R. in Warren County. This well had yielded only a trifling amount 
of oil but from it came a terrific outburst of gas. The geological horizon 
was totally different from that of the gas-wells in Butler County, being at 
least 600 feet lower. The gas had been used for some time to light the 
town of Sheffield and the tanneries there, being conveyed in pipes some 
two miles for that purpose. 

3. From a Well some five miles from Wilcox Station on the Philadelphia 
and Erie R. R. in McKean County. Two wells had been sunk in this 
neighborhood for oil and both had yielded gas only. The geological hori- 
zon here is again different being some 400 or 500 feet lower than that of 
the Sheffield Well. The gas is not utilized at present. 

4. From one of the gas wells at Erie, Pa. Quite a number of wells have 
been sunk at different times in the city of Erie, and the gas obtained has 
been utilized as fuel in the manufactories there. The specimen taken was 
from a well sunk by Oliver Bacon & Co., and the gas was used by them 
as fuel for their flour mills. This gas is again from a distinct geological 
horizon. 

5. A specimen taken from the old well at Fredonia, N. Y., which has 
supplied the town of Fredonia for a number of years with a natural illumi- 
nating gas, was taken for analysis and comparison with those from the 
Pennsylvania localities. This gas is from a depth of 100 feet only. 

6. A specimen was also taken from a new Well at Fredonia, which is 
now used for purposes of illumination. This gas comes from a depth of 
1200 feet. 

These gases were all collected, as in the previous cases, in glass tubes 
which were sealed before the mouth blow-pipe, while a current of the gas 
was still passing through them. 

I will present with these new analyses those of the other gases pub- 
lished in my former paper. This is chiefly for the purpose of comparison. 
For this same reason I have classified the gases in several groups according 
to their geographical location. 


I. Gases from the Lower Oil Fields. 


1. Burns Well in Butler County. Collected in November, 1875. 
2. Harvey Wellin Butler County. Collected in November, 1875. 
3. Gas from the same Well. Collected in August, 1876. 


4. Rogers Well in Westmoreland County. Collected in November, 1875. 
1, 2. 
Carbonic Acid (CO,)................ 34 .66 
Carbonous Oxide (CO).......... coos trance trace 
Ethylene series (C,H,) — —— 
Hydrogen (H) 6.10 13.50 
Marsh-gas (CH,) 75.44 80.11 
Ethyl-hydride (C,H,) 18.12 5.72 
Propyl-hydride (6,H,) trace trace 
RPO CAPD a cion ncccsedeccccccsecees — 
Nitrogen (N) —— — 
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4. 
.35 
.26 
56 
4.79 
89.65 
4.39 
trace 


100,00 


Il. Gases from Warren and McKean Counties. 


1. Sheffield Well in Warren County. Collected in August, 1876. 
2. Wilcox Well in McKean Connty. Collected in August, 1876. 


Carbonic Acid 

Carbonous Oxide 

Ethylene series 

Hydrogen 

Es cnn0nse ese dx ccdetneeans 
Ethyl-hydride 

Propyl-hydride trace 
OXY ROD. savececccnwicvconceseveacs 13 
Nitrogen 


100.00 


Ill. Gases from the Lake Erie border in Pennsyloania and New York. 


1. Erie gas from Erie, Pa. Collected in August, 1876. 
2. Older Fredonia Well. Collected in August, 1876. 
3. Newer Fredonia Well. Collected in August, 1876. 


Ethylene series 
Hydrogen 


69.44 
Ethyl-hydride 58.26 98.59 trace 


Propyl-hydride trace 29.15 
Oxygen 


Nitrogen 
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Carbonic acid 


Carbonous oxide... . 


Ethyline series 
Hydrogen... 


Ethyl-hydride .. 48.90 
Propyl-hydride.. trace 


jms 


3. 
28 
22 
AT 
7.49 


trace 


26.99 
64.56 91.55 
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59.27 
trace 
32.28 


Oxygen......... — ~—— 
Nitrogen — —— 


99.99 100.01 


The hydrocarbons of the Marsh-gas series in these three analyses can be 
counted together with perfect accuracy as 98.59 per cent., 89.73 per cent., 
or 91.55 per cent. respectively, or we have a choice of two methods of 
reckoning the individual amounts, with proximate accuracy however 
only. In these analyses the second method of estimation, viz: that di- 
viding the amount between marsh-gas and propyl-hydride appears the 
more probable. 


IV. Gas from Indiana Oo. Pa. 


1. Cherry Tree Well. This gas bubbles through a spring of fresh water 
and had to be collected over water. The totally different circumstances of 


its occurrence will explain in part the differences in composition. The 
geological horizon is much higher than that of any other gases analysed. 
It was collected in November, 1875. 


Carbonic Acid 

Carbonous oxide 

NO PT ECOL LOT CEE TTTR ETT 
FEYGTOGOR. ccccccccccccccccccs ceccccscccsscvcccceces 22.50 
BOHR: cinikin's 00:0 0:90 60-02 ‘ 

Ethyl-hydride 

Propyl-hydride 

Oxygen 

Nitrogen 


A casual examination of these figures with a reference to the approxi- 
mate geological horizon in each case will show several well-marked pecu- 
liarities. The Cherry Tree gas which comes from the highest geological 
horizon, is found to contain 22.50 per cent. of hydrogen and 60.27 per cent. 
of marsh-gas. This would make it the lightest of any of the gases analysed. 

The four from the next lower geological horizon; ¢. ¢., the Butler Co., 
oil-fields, show an advance upon this, and are quite similar, with two 
somewhat anomalous features showing, however—the 18.12 per cent. of 
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ethyl-hydride in the Burns Well gas and the 13.50 per cent. of hydrogen 
in the first sample of the Harvey Well gas. The gas from the Warren 
Co. geological horizon—obtained at the Sheffield Well—is very similar to 
the gas of the Burns Well in Butler Co. 

The gas from the McKean Co. geological horizon—obtained at the Wil- 
cox Well—is distinctly different from any of those precedingit. The 29.29 
per cent. of ethyl-hydride makes it a heavier gas. 

The three gases from the Lake Erie border however show the greatest 
differences. The per cent. of ethyl-hydride in these three analyses exceeds 
the per cent of marsh-gas, so that it becomes reasonable to estimate some 
of these heavy hydrocarbons as propyl-hydride. These three gases would 
be the heaviest of all those examined. An experimental determination 
of the specific gravity of the Erie gas made by the diffusion method gave 
.894. The specific gravity as calculated from the analysis was .845. 

I will append several analyses of similar natural hydrocarbon gases that 
have come to my hand. . 

1. From a gas-well at West Bloomfield, N. Y. Analysed by Prof. Henry 
Wurtz. (Silliman’s Journal (2) XLIX p. 336.) 

2. From the Neff gas-well near Gambier, Knox Co. Ohio. Analysed by 
Prof. E. W. Morley, Hudson, Ohio. (Private communication. ) 

3. From a so-called ‘‘burning-spring’’ at St. Barthelemy, Isére, France. 
Analysed by F. M. Raoult. (Wagner’s Jahresbericht 1870, p. 704. ) 

l. 2. 3. 

Carbonic acid i 0.8 0.58 
Carbonous oxide 0.5 a 
PRCT OMG UETIOS, 6. vnc aceseaceneeses a os 
Hydrogen — 

Eo. c5.s0 ones. ce eee Regen en aS 82.41 81.4 98.81 
Ethyl-hydride — 12.2 

Oxygen 28 0.8 0.10 
Nitrogen tace | Me 4.8 0.48 


100.00 100.00 99.97 


In analyses No. 1 and No. 3, probably no attempt was made to distin- 
guish between marsh-gas and Ethyl-hydride, and the figures given for 
marsh-gas probably express the sum of the marsh-gas hydrocarbons. 

A description of the absorption tests by which I proved the presence of 
ethyl-hydride and propyl hydride and an explanation of the formulas by 
which the results of the gas-analyses were calculated appeared in my pre- 
vious paper. (Vol. XVI, No. 97 of the Proceedings of the Am. Phil. Soc. ; 
also reprinted in American Chemist for Sept. 1876). 


PROC. AMER. PHILOS. SOC. xvVI. 99. 3V 
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On Hight Meteoric Fireballs seen in the United States from July, 1876, to 
February, 1877. 


By Danret Kirrxwoop, PRoressOR OF MATHEMATICS IN INDIANA 
UNIVERSITY, BLOOMINGTON, INDIANA. 


(Read before the American Philosophical Society, March 16, 1877.) 


The number of meteoric fireballs observed in the United States during 
the latter part of 1876 and the beginning of 1877 has been quite re- 
markable. In several instances the meteors have exploded with tremen- 
dous detonations, and the disruption has been followed by the fall of sero- 
lites. The description and analysis of the latter will doubtless be given to 
the seientific world by those who have devoted special attention to this 
department of research. In the meantime some account of the meteoric 
phenomena will not be without interest. 


I. 
Tue GREAT METEOR OF JuLy 8, 1876. 


On the evening of July 8th, 1876, about fifteen minutes before nine 
o’clock, Chicago time, a very large meteor passed over Ohio and Michi- 
gan, and was visible in the adjacent States of Iowa, [linois and Indiana. 
At Wolcottville, La Grange County, Indiana, it was well observed by Mr. 
William L. Taylor, a member of the senior class in Indiana University, 
who states that the point of first appearance was almost exactly East of 
Wolcottville, and at an elevation of nearly 60°. At Valparaiso, Porter 
County, Indiana, according to Rev. Robert Beer, it appeared a little North 
of East ; while at Chicago it seemed to start from a point somewhat South 
of East and about 25° above the horizon. Mr. Benjamin Vail, of Henry- 
ville, Clarke County, Indiana, and Mr. J. W. Hollingsworth, of Paoli, 
Orange County, each saw the meteor under favorable circumstances. 
According to the former, its direction from Henryville, when first visible, 
was about North North-east. The observations of Messrs. Taylor and 
Vail thus determine the point of first visibility, while the notes of Mr. 
Hollingsworth, in connection with observations at Bloomington, Indiana, 
indicate almost precisely the same position. The body was first seen over 
Fulton County, Ohio, not far from latitude 41° 40’ North, longitude 84° 
West. 


ALTITUDE WHEN First VISIBLE. 


Mr. Vail, who is known by the writer to be generally accurate, says the 
apparent altitude of the meteor when first seen at Henryville, was about 
20°. The distance from that place to Ottokee, Fulton County, Ohio, is 226 
miles. Mr. Vail’s observation gives, therefore, about 88 miles as the ver- 
tical height of the meteor when first observed. The Paoli, Wolcottville, 
and Chicago observations indicate very nearly the same result. 
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Tue Pornt or DisAPPEARANCE—COURSE AND LENGTH OF THE VIsI- 
BLE TRACK. 








The meteor crossed the meridian of Paoli at Berrien, Michigan ; the dif- 
ference of latitude of the two positions being 235 miles. Mr. Hollings- 
worth says: ‘‘ My observer, Mr. J. M. Andrew, describes the meteor as 
‘ grazing’ a chimney-top which was on his meridian 400 feet distant, and 
51 feet more elevated than the observer’s eye.’’ The angle of elevation 
when on the meridian of Paoli was, therefore, 7° 16’. Taking into account 
the curvature of the earth’s surface, these data give 37 miles as the alti- 
tude of the body when passing Berrien, Michigan. At Wolcottville, La 
Grange County, Indiana, the bearing of the point of disappearance was 
North 70° West, and its apparent elevation about 25°. At Chicago it was 
stated to be at an elevation of 50°, and somewhat North of East. These 
observations indicate a point over Lake Michigan, in latitude 42° North, 
longitude 86° 55/ West. This point is 40 miles from Chicago, 78 from 
Wolcottville, and 135 from Ottokee, Ohio. The altitude of the meteor at 
the time of its disappearance, according to the observations at Chicago and 
Wolcottville, was about 34 miles ; the bearing of the track, or of its pro 
jeetion on the earth’s surface, was North 78° West ; and it was inclined to 
the horizon at an angle of 21°. The meteor passed vertically over the 
counties of Fulton and Williams, Ohio; the North-east angle of Steuben 
County, Indiana ; and Branch, St. Joseph, Cass and Berrien, Michigan. 

‘‘The meteor was a very brilliant one. It lighted up the sky like the 
glare of a calcium light ; the intensity being several times greater than the 
light of the full moon.’’* Its mass was apparently dissolved or dissipated 
in the latter part of its track, leaving a luminous train which continued 
visible at least 40 minutes. The disappearance of the body was followed 
by no detonation, and if any meteoric fragments fell from the terminus of 
the track they must have been lost in the lake. No part of the mass, it is 
sufficiently obvious, could have passed out of the atmosphere. 

The rare occurrence of meteors whose trains remain visible from fifteen 
minutes to an hour or more, seems to indicate a remarkable peculiarity in 
their structure and composition. Professor Ennis has suggested that they 
probably consist of elements easily combustible, such as potassium, 
sodium, calcium and magnesium.+ 

This meteor’s motion about the sun was retrograde. The observations, 
however, furnished no data—or none sufficiently trustworthy—for deter- 
mining either its orbital velocity or the nature of the orbit in which it 
moved. 




























Il. 


THE SECOND METEOR OF JULY 8, 1876. 







Soon after the appearance of the meteor above described, the writer in 
a published note expressed his regret that the observations furnished by 


*Chicago Tribune. 
+ Proc, of the A. A, A. 8., Indianapolis Meeting. 
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correspondents were insufficient to determine, even approximately, the 
orbit of the meteor. In response to this note a communication was re- 
ceived from E. Lyon Linsley, of Stratford, Connecticut, who, on the same 
evening and nearly at the same hour, had observed a large fireball, and 
who supposed it to be identical with that seenin Michigan. The following 
is an extract from the Stratford letter : 

‘*IT saw this brilliant meteor here, on the evening of July 8th, at about 
nine o'clock. It was then about eight degrees from the polar star, and 
close to the faint northernmost visible star in the constellation Camelopar- 
dalis. Whether it expired then and there or disappeared behind an angle 
of the roof, I am unable to say; viewing it as I did from an Eastern 
portico, which was suddenly all aglow with its celestial light, and seeing 
meteor and illumination each but for a moment.’’ 

The slightest examination shows that the bolide here described was 
different from that seen in Michigan and the adjoining States on the same 
evening. We conclude accordingly that two fireballs of great brilliancy 
were simultaneously observed. Were they cometary fragments whose 
orbit intersects that of the earth near the 288th degree of longitude’? It is 
a remarkable coincidence that on the 8th of July, 1856, somewhat earlier 
in the evening, a large fireball was seen in Alabamaand Mississippi, which, 
like the meteor first described, left a luminous train that remained visible 
a considerable time near the terminus of its track.* It may also be men- 
tioned as an additional coincidence that a meteoric stone-fall occurred in 
Spain on the 8th of July, 1811. 


III. 
THe FIREBALL OF DECEMBER 16, 1876. 


A large majority of the meteorites which reach the earth’s surface must 
doubtless fall into the ocean, though the pbenomena of their descent are 
very rarely witnessed. An occurrence of this kind was observed, however, 
according to the San Francisco daily papers, on Saturday motning, De- 
cember 16, 1876, about fifteen minutes before one o’clock, when a large 
meteoric fireball appeared over the Pacific Ocean westward from San 
Francisco. When first seen it was rapidly descending towards the surface 
of the ocean, its apparent path making a large angle with the horizontal 
plane. It had been visible but a few seconds when it plunged into the 
Pacific at apparently no great distance from the shore. The fall was fol 
lowed by a loud detonation. 


LV. 


Tue Mereor oF DECEMBER 21, 1876. 


On Thursday evening, December 21, 1876, about seventeen minutes 
before nine o’clock, Bloomington time, a meteor of extraordinary magni- 
tude passed over the States of Kansas, Missouri, Illinois, Indiana, Ohio, 


See Am, Journ. Sci. for November, 1856, and January and May, 1837. 
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Pennsylvania and New York. I have received communications descrip- 
tive of the phenomena from Prof. F. W. Bardwell, of Lawrence, and Rev. 
J. L. Gay, of Parsons, Kansas; Prof. Joseph Ficklin, Columbia, Mo.; 
Prof. 8. W. Burnham, Chicago, [l].; Profs. D. E. Hunter, Brookston, 
and J. B. Roberts, Indianapolis, Ind.; Prof. Samuel J. Kirkwood, Wooster, 
©.; and others in the different States over which the meteor passed. At 
Bloomington, Ind., it was observed by Profs. T. A. Wylie, D.D., H. B. 
Boisen, and C. F. McNutt; also by Rev. James Garrison, Messrs. D. O. 
Spencer, J. Graham, and many others. A discussion of the observations 
furnished by the correspondents named gives the following as 


THE METEOR’s TRACK THROUGH THE ATMOSPHERE. 


The body when first visible was about 70 or 75 miles above the earth’s 
surface, ata point South-west from Emporia, Kansas, and not far from 
the Southern border of the State. It passed Emporia a few degrees South- 
east of the zenith ; entered Missouri near the South-west corner of Jackson 
county; passed very nearly over the towns of Lexington, Keytesville, and 
Oakdale, Missouri; Quincy, Lewiston, Peoria, and Lorain, Illinois ; 
Winamac, Rochester, and Auburn, Indiana; Bryan and Toledo, Ohio ; 
crossed Lake Erie to a point a few miles South of Erie, Pennsylvania, and 
disappeared over South-western New York. This track is not represented 
by a straight line drawn on the map, but by one somewhat curved towards 
the North or North-west. Its length is between 1000 and 1100 miles— one 
of the longest meteoric tracks on record. The body passed the meridian 
of Bloomington, Indiana, 131 miles North of the city, and its apparent 
elevation as determined by Prof. T. A. Wylie, D.D., was 15°. This, 
taking into account the curvature of the meridian, gives about 38 miles as 
the altitude of the meteor when over the Western part of Fulton county, 
Indiana. Data furnished by Prof. Samuel J. Kirkwood, of Wooster, 
Ohio, show the height when over Lake Erie, directly North of that city, 
to have been 29 miles. The estimated altitudes at other points of the 
track are less satisfactory. 


EXPLOSIONS. 


Some observers in Missouri report an explosion of the meteor when 
passing over the central part of the State. At Bloomington, Indiana, 
Prof. H. B. Boisen, who saw the meteor when due West and watched it 
till it disappeared near the Eastern horizon, observed it separate into several 
parts when nearly North-west, or in the direction of Peoria, Illinois. 
Rev. James Garrison, who resides one mile South of Bloomington, noticed 
by his clock the time of the meteor’s disappearance and also that of the 
subsequent rumbling sound together with the violent jarring of his house. 
The interval was 15 minutes, indicating a distance of 185 miles. The 
sound and jar of the explosion were heard and felt by hundreds through- 
out Monroe county, and by many ascribed to an earthquake. In regard 
to the sounds following the meteor’s passage through the atmosphere, the 
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Monthly Weather Review for December, 1876, says: ‘‘ No reliable ac- 
counts speak of any noise heard during the visibility of the meteor, but in 
from two to five minutes after its passage a shock resembling thunder was 
heard, which in the majority of cases was described as tremendous, 
shaking the ground and the houses, and was especially alarming to those 
who, on account of the prevailing cloudiness, were unable to see the 
preceding meteor. The uniform character of the sound heard at all 
the stations shows that it was not due to any violent explosion (properly 
so-called), but was a peculiar acoustic phenomenon, depending on the fact 
that that portion of the line described by the meteor when nearest to any 
observer, became, as it were instantaneously along a length of several 
miles, the origin of a series of simultaneous sounds which, although in 
themselves comparatively feeble, were concentrated into a violent sound 
when they reached the observer’s ear.’’ The view here expressed is not 
sustained by the observations in Monroe and the adjacent counties, as a 
sound from the nearest point of the meteor’s track would have reached 
Bloomington, if at all, in 10 or 11 minutes. 

When crossing Indiana the principal fireball was followed by a train or 
group of smaller meteors, many of which were superior in apparent 
magnitude to Venus or Jupiter. The breadth orapparent diameter of this 
cluster, as seen from Bloomington, was three degrees, and its length at 
least twenty degrees. Its true diameter was therefore five miles, and its 
length about forty miles. These smaller meteors were chiefly the results 
of the explosions over Central Illinois. A final disruption occurred over 
Erie county, Pennsylvania ; several minor explosions having taken place 
during the passage over Indiana and Ohio. 


Tue Fuitron County FRAGMENT. 


A fragment of the meteorite fell on the farm of Mr. Andrew J. Morris, 
three miles North-west of Rochester, Fulton county, Indiana. Mr. M., 
on hearing the meteoric explosion, had left his house, when he noticed a 
heavy body strike the earth at no great distance. Designating the spot as 
nearly as he could by a mark in the snow (which was six inches deep), he 
returned in the morning, and soon found where the meteorite had struck 
in the snow, rebounded and again fallen close by. The whole fragment 
weighed about 12 ounces. A part of it was secured by the writer and 
forwarded to Prof. Chas. Upham Shepard, of Amherst College, Mass. 
A fragment was also obtained by Mr. W. A. Roebling, of New York, and 
a third was sent by Prof. E. T. Cox to Dr. J. Lawrence Smith, of Louis- 
ville. No analysis, however, has yet been published. The body is 
peculiar in its structure ; being pisolitic and remarkably friable. The fact 
that other portions of the mass have not been discovered may perhaps be 
owing to its complete disintegration. 


Dip THE METEOR Pass OvuT OF THE ATMOSPHERE? 


The observations at Bloomington, Indiana, and Wooster, Ohio, indicate 
that in a flight of 200 miles eastward from Rochester the altitude dimin- 
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ished from 38 to 29 miles. The elevation, when over Erie County, Penn- 
sylvania, was almost certainly less than 30 miles—probably not more than 
25. After the explosion, near the South-western border of New York, the 
meteor became almost immediately extinct. In view of these facts it 
seems extremely improbable that any part of the mass could have escaped 
out of the atmosphere. What became of the dissevered fragments, or why 
none have been hitherto found near the terminus of the track, may be dif- 


ficult of explanation. 
VELOCITY. 


I have not learned that the time of the meteor’s visibility was by any 
one accurately measured. The slowness of the apparent motion was, 
however, very remarkable ; being compared by many to that of a flock of 
wild geese. Several observers estimated the duration of flight at nearly 
two minutes. The velocity with reference to the earth’s surface was pro- 
bably between 8 and 12 miles per second, and with reference to the 
sun, between 25 and 30. 


V. and VI. 
THE METEORS OF JANUARY 3 AND JANUARY 20, 1877. 


The fall of srolites, attended with the usual meteoric phenomena, 
occurred in Warren County, Missouri, on the 3d of January, 1877, and 
in Georgia, January 20th. Fragments of these bodies have been secured 
by Professor J. Lawrence Smith, of Louisville, Kentucky, from whom full 
descriptions and analyses may soon be expected. 


VII. 
THE METEOR OF JANUARY 23, 1877. 


About 4 o’clock on Tuesday afternoon, January 23, 1877, a splendid 
meteor was seen ut Gray’s Mills, five miles North of Bloomington, Monroe 
County, Indiana, by Mr. Daniel J. Stout and several other gentlemen in 
company with him. Its position when first seen was nearly South-east 
from the place of observation, and about 35° above the horizon. Its visible 
track was very nearly perpendicular to the earth’s surface. When near the 
horizon the meteor disappeared behind a hill South-east of the observers, 
but the disappearance was followed by no detonation. The same meteor 
was observed by a number of persons in Decatur County, five miles East 
of Greensburgh, latitude 39° 27’ North, longitude 85° 28’ West. Accord- 
ing to the Indianapolis Daily Journal, of January 25th, the meteor ‘ dis- 
appeared just as it seemed to touch the earth, apparently not more than one- 
fourth of a mile distant. It presented the appearance of a flexible band of 
beautifully polished silver, and as it pursued its downward course waved 
like a ribbon in the breeze. Exclamations of astonishment and admira- 
tion burst simultaneously from the lips of all who saw it.’’ A letter in the 
Cincinnati Weekly Gazette, dated at Scott’s Post Office, Kenton County, 
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Kentucky, January 25, states that ‘‘about 4 o’clock on the evening of the 
23d, a heavy rumbling sound was heard, as if coming from a South-easterly 
direction, and from a point high in the heavens. The report was likened 
by some to the discharging of numbers of heavy ordnance, the different 
discharges barely distinguishable. The concussion was sufficient to rattle 
the glass in the windows, and also to jar the earth quite perceptibly. The 
course of the sound appeared to be from a point South South-east’’ of the 
writer’s place of observation. The final explosion took place over Harrison 
County, Kentucky, and the erolite reached the earth nine miles North of 
Cynthiana. It is now in the collection of Dr. J. Lawrence Smith, of 
Louisville. 

The points from which this meteor was observed in Decatur and Monroe 
Counties are nearly on the same parallel ; the latitude of the former being 
about 39° 27’, that of the latter 39° 21’. The distance between the sta- 
tions is 56 miles, and the entire track, as seen from Decatur County, was 
East of the meridian. The observations in Monroe County indicate that 
the height of the meteor when first seen was at least 70 miles. 


VII. 
THe METEOR OF FEBRUARY 8, 1877. 

About half past 2 o’clock on Thursday morning, February 8th, 1877, a 
large meteor was seen by J. 8. Hunter, Esq., near Ellettsville, Monroe 
County, Indiana. The apparent magnitude of the body seemed equal to 
half that of the full moon, and the sudden light was so intense as to frighten 
the horse of the observer. The meteor was first seen in the South-east, 
crossed the meridian South of the zenith, and disappeared at a point about 
30° or 35° South of West, and 10° above the horizon. Numerous sparks 
were emitted by the body in the latter part of its track, and a luminous 
train remained visible several seconds. No explosion was heard. 

BLoomineton, IND., March 7, 1877. 


On the Asserted Antagonism between Nicotin and Strychnia. 


By Francis L. Haynes, M. D., Assistant SURGEON TO THE EPISCOPAL 
HoOsPIrTaL. 


(Read before the American Philosophical Society, March 16, 1877.) 


History. 


Haughton’s Experiments. The Rev. Prof. Haughton, in a communica- 
tion read before the Royal Irish Academy, in Nov. 1856, was the first to 
call attention to the subject under consideration. He related the details of 
the following experiments on frogs: 1. A frog was placed in a bath com- 
posed of five ounces of water and five grains of nicotin. It died in twenty- 
three minutes. 2. A frog was placed in a bath of twenty ounces of water 
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and five grains of nicotin. It died in forty-three minutes, with peculiar con- 
vulsions. 3. A frog, placed in a solution of strychnia (five grains to five 
ounces of water), was immediately seized with tetanic convulsions, and died 
in four minutes. 4. A frog, placed in a solution of strychnia (five grains to 
twenty ounces of water), became speedily convulsed, and died in fifty-five 
minutes. 5. A frog, placed in a bath containing nicotin and strychnia (of 
each five grains to ten ounces of water), remained there nineteen minutes 
without any inconvenience, when it was seized with tetanic convulsions, 
which continued, but with less violence than in the previous experiments. 
After forty-seven minutes, the animal was removed, and washed in cold 
water. It lived afterwards more than twenty-four hours, exhibiting at 
intervals tetanic convulsions. 6. A frog was placed in a bath of nicotin and 
strychnia, as in the last experiment, and removed after ten minutes. In 
forty-two minutes, tetanic convulsions appeared, and continued for many 
hours, but they were succeeded by perfect recovery. 

Wormley’s Experiments. To each of thirteen cats, one-half grain of 
strychnia was given. ‘‘The poison was passed in solution into the stomach, 
by means of the stomach-tube. In some instances, as soon as symptoms of 
poisoning appeared, an infusion of twenty grains of tobacco leaves was ad- 
ministered, in the same manner as the poison ; while, in others, the tobacco 
infusion was given along with the strychnia, the two infusions being 
thoroughly mixed. In some few cases, the dose of tobacco was repeated. 
As the result of these experiments, one of the animals, which had taken 
the mixed solutions, immediately fell prostrate, breathed with difficulty, in 
three minutes voided urine, in eight minutes vomited a frothy mucus, and 
in ten minutes was able to run, with, however, a stiff gait. After an hour, 
the animal appeared perfectly well, with the exception of a slight stiffness 
in walking. With this single exception, all the animals died, and, in most 
instances, within the usual period. One of them, however, that had taken 
the mixed solutions, manifested no symptom whatever, for thirty-five min- 
utes. In some instances, the strychnine symptoms appeared to be not in 
the least affected by the tobacco. But, in others, they were of a compound 
nature. Several of the animals vomited. Before performing these experi- 
ments, it was ascertained that an infusion of twenty grains of tobacco, given 
alone, would produce serious symptoms ; but, in no instance, in six experi- 
ments, did it cause death.’’—{ Micro-Chemistry of Poisons, New York, 1865, 
p. 545.) 

Reese’s Experiments were made on dogs. The drugs were, as a rule, given 
by the mouth. 1. Three-fourths of a grain of strychnia, hypodermically, 
killed a moderate sized dog, in nine and one-half minutes. 2. Three-fourths 
of a grain of strychnia, and two drachms of a concentrated infusion of 
tobacco, were given by the mouth. Twenty-six minutes, tetanic spasms ; 
thirty-one minutes, non-tetanic spasm; thirty-three minutes, somewhat 
tetanic spasm ; thirty-nine minutes, one-half drachm of infusion of tobacco 
was given hypodermically, and was immediately followed by a tetanic 
spasm, anddeath. 3. Twodrachms of tobaccoinfusion. Five minutes, free 
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vomiting ; twenty minutes, quite well. Thirty minutes, three-fourths grain 
strychnia and two drachms tobacco infusion given ; trembling, panting res- 
piration. Forty-three minutes, tetanic spasm ; forty-five minutes, death. 4. 
Two drachms tobacco infusion ; uneasiness, panting, vomiting, recovery. 
Twenty-five minutes, the dose was repeated ; vomiting, trembling, panting. 
Fifty-one minutes, two drachms tobacco infusion with one-half grain strych- 
nia ; weakness, panting andtrembling. Eighty-nine minutes, the combined 
dose of tobacco and strychnia repeated ; noisy and panting respiration, 
increased reflex excitability, spasms sometimes tetanic and sometimes not. 
One hundred and nine minutes, died, without convulsion. 5. Half a 
drachm of tobacco infusion, hypodermically, repeated in five minutes ; six 
minutes, retching and vomiting; fourteen minutes, strychnia, one third 
grain hypodermically ; seventeen minutes, tetanic spasm ; nineteen min- 
utes, death.—(Am. Jour. Med. Sei., April, 1871, p. 382.) 


Cases OF STRYCHNIA PorsonNInG TREATED By TOBACCO. 


O’ Reilly’s Case. A sailor took six grains of strychnia in beer. Soon 
after, he took an emetic, and vomited freely, but, notwithstanding, violent 
symptoms set in. One and a quarter hour after he had taken the strychnia, 
he was given an infusion of tobacco, and this was continued at intervals. 
After about twelve hours, all the symptoms had disappeared. It is not 
stated how the tobacco acted, but, merely, that in two hours after he had 
commenced taking tobacco, ‘‘favorable symptoms set in.’’ In all, an in- 
fusion of one and a quarter ounce of tobacco was used. (British and 
Foreign Medico-Chirurg. Rev. Oct., 1859, p. 532.) 

Smyly’s Case. A boy, aged 15, swallowed as much strychnia as would 
cover a shilling, and ate a quantity of raisins to take away the taste. In 
forty minutes, he fell into his master’s arms, tetanic. Tarier emetic was 
given, but it did not act. He was put under chloroform, and removed to a 
hospital. Emetics were given, but did not act. Next an infusion of three 
ounces of tobacco, in three pints of tepid water, was given, in three doses, 
Each dose was followed by furious vomiting. Profuse sweating occurred ; 
the patient slept, and had no further trouble. (Dubdlin Quart. Jour. 1862, 
p. 183. ) 

Ohever’s Case. A Mohammedan girl, aged 11, took about three grains of 
strychnia, chewed it, spat out, as she thought, the whole of it, and then 
swallowed some water to remove the taste. In about forty minutes, a con- 
vulsion occurred. An emetic was given by the husband. She was taken to 
a hospital, three hours after taking the strychnia, and, up to that time, had 
had five convulsions. An emetic was given, and followed by large quan- 
tities of animal charcoal and lard, and small doses of infusion of tobacco. 
Two hours after admission, a severe convulsion occurred, lasting six min- 
utes. Three hours after admission, there was free vomiting. Recovery 
ensued. She received in all, two and one-third grains of tobacco in infu- 
sion. It is stated that none of the emetics given acted satisfactorily, until 
the tobacco was given. (British and Foreign Medico-Chirurg. Rev. 1876, 


p. 242.) 
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WRITER’S EXPERIMENTS. 


The following experiments were made on rats, cats, rabbits, and dogs. 
The poisons were invariably injected under the skin. 

The time given refers to the period of the injection of the poison ; or, if 
more injections than one were made, the time is dated from the first 
injection. 

In all cases in which an animal was killed by strychnia, or nicotin, or 
by both combined, the heart continued to beat for a variable time after 
respiration had ceased. 


A. On Rats. 


The ordinary stable rats were used. First, the minimum fatal dose and 
the physiological action of nicotin were determined, and, next, the action 
of nicotin and strychnia combined. 


I. Minimum Fatal Dose of Strychnia Sulphate on Rats. 


This was found by J. Hughes Bennett (Antagonism of Medicines, Lon- 
don, 1875, p. 14) to be about 1-60 of a grain of the pure alkaloid. The 
rats used by Bennett averaged about one ounce more in weight than those 
employed by the present writer. Of course the dose of the sulphate is 
proportionally larger. 


Il. Minimum Fatal Dose and Physiological Action of Nicotin on Rats. 


When a small dose of nicotin (111-1000 to 111-600) is injected into a 
rat, its respiration becomes labored, and, sometimes, noisy ; and the animal 
shows signs of prostration, but is able to make voluntary motions. After 
larger doses (111-600 to 11-140), convulsions occur, which may be either 
clonic or tetanic. The convulsions may be preceded, and are always suc- 
ceeded, by more or less complete paralysis of motion, One convulsion may 
terminate life, but, generally, the animal survives through several convul- 
sions. The respiration, after each convulsion, ceases for several seconds, 
and, sometimes, formore than a minute. When death occurs, it is through 
failure of the respiration. The heart invariably continues to beat for a time 
after respiration has ceased. Purging and urination are frequent symp- 
toms. 

From the following experiments, the minimum fatal] dose of nicotin, for 
rats, was found to be about 1-150 of a minim (taking the average weight to 
be about 10} ounces). 
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TABLE I. 


Showing the Effects of Nicotin on Rats, and indicating the Minimum 
Lethal Dose. 


Weight 


No.\oy Rat. 


Result. | SYMPTOMS. 


parts of 
a Minim. 


Dose of 
Nicotin in 


110% oz.| 1-1000 Recovery | Ran around the room actively for 5 minutes, 
ithen less actively till 10th min.; after which lay 
iquiet unless disturbed, when it ran, but with diffi- 
jculty. Respiration, after 5th min., difficult—the 
\walis of the chest ‘exhibited a greater extent of 
}motion than usual. Could be handled, without 
biting. 37 min., recovering. 

2)10% oz.| 1- Recovery.| Immediately lay quiet and breathed laboriously, 
jand after the 6th min, noisily. At intervals, slight 
jconvulsive movements. At no time was there in- 
jability to move when disturbed. 13 min., recover- 
ing. 

1-700 Recovery.| After 14 min., lay quietly, breathing laboriously. 
|4 min., can bare ly move when disturbed. Respira- 
tion noisy, and slower than normal. 84 min., res- 
ipiration gasping, 58 a minute. 2 min., respiration 
istill labored, 80; moves more readily. 

4/1044 oz.) 1-666 |Recovery.| Panting respiration, and comi-paralyals. Re- 

z jcovery after 30 min. 

5104 oz, 1-600 Recovery.| Same as in last experiment. 

6 8 oz.) 1-600 Death. After 15 sec., hissing and laborious respiration ; 
moved rapidly around the cage till 40 sec.; then lay, 
gasping for breath, till 60 sec., when tetanoid con- 
ivulsions occurred, which caused respiration to 
cease at the end of the 2d min. 

Recovery. 1% min.,difficult respiration. 1 min.,paralysis, 244 
|min., ¢ lonie convulsions with opisthotonos, whic h 
continued at intervals till 8th min,, when they 
ceased, and the respiration became gasping and 
| infreque nt, 10 per minute; and there was com- 
are motor paralysis. 12 min., respiration re-estab- 

ished, hiss ng. $5 min., slight voluntary move- 

ments. 60 min,, almost ¢ fonstant convulsive trem- 

bling, with laborious and occasionally noisy res- 

jpiration, 2 hrs. condition thesame. Very slight 
jmovements occasionally. 

He) oz.) 1-500 |Recovery. Same as in last experiment. 

84, 0z.' 1-440 |Recovery. Immediately difficult respiration. 1% min., vio- 

lent tetanic convulsions, succeeded by panting 
noisy ae and complete motor paralysis. 
Very rapid muscular quiverings, causing such ra- 
pid movements of one foreleg that they could 
scarcely be seen. 19 min., recovering voluntary 

power. 

1044 oz. 1-400 |Recovery.| Usual symptoms. Convulsions clonic and tonic, 

10 oz.' 1-800 |[Recovery.' Usual symptoms. Convulsions clonic. 

10 oz. 1-230 |Recovery.| Difficult respiration, slight clonic convulsions, 
jand semi-paralysis. 

114 oz.| 1-230 |Recovery.| Difficult respiration, no convulsions, semi-pa- 

ralysis. 

104% oz.| 1-230 |Recovery.}| Same as in last experiment. 

8 oz.| 1-230 |Recovery.| Difficult respiration. 3% min., violent tetanic 
convulsions, after which respiration ceased for 15 
sec., then recommenced with a gasp. There was 
semi-paralysis for a few minutes, but by 18 min. 
the animal had almost recovered. 

16} 44% oz.| 1-200 | Death. Immediately clonic convulsions, which ended 

fatally in \% min. 

17\1044 oz.; 1-194 |Death. - Ran around the room for lg min.,when he stopped, 

and the respiration was noted noisy byes laborious. 
2 min., complete motor pera 2 6 min., Violent 
clonic convulsions lasting till 4% nin Respiration 
now ceased till 54 min., recom menced with a gasp, 
‘and ceased finally at 6 min. 
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TABLE I.—CONTINUED. 


in in 


parts of 


_ | Weight 
No. of Rat. 


Minim, 


Result. SYMPTOMS. 


Dose of a 


Nicot 


Death. 114 min., convulsions, succeeded by difficult respi- 
ration and semi-paralysis, 25 min., complete pa- 
ralysis, 24 hrs., moves limbs slightly when dis- 
turbed. Death at 3 Ars., the respiration falling 
graduaily down to 6, then to 1, per minute, 

19|104% oz.| 1-176 |Recovery.| 1 min., labored respiration. 4 min., prolonged te- 
tanie convulsion, followed by the usual respira- 
tory difficulty and semi-paralysis. 60 min, recov- 
ery. 

ey min,, noisy, labored respiration ; convulsions, 
lasting 3 min., then almost complete paralysis. 
58 min., convulsions excited by slight irritation, 
semi-paralysis till 144 min., when slight voluntar 
motions were noted. 20 hrs., respiration feeble, 30; 
lay powerless on the side, and had tetanicand clon- 
ic convulsions when disturbed. 20% Ars., heart 
beats, 93; respiration, 15, Entire paralysis, 23 Ars., 
death from failure of respiration, which had oc- 
curred once a minute for some time previously. 
21; 734 0z.| 1-148 |Death. Same as in last experiment. Death after 5 Ars. 


20| 94 oz.| 1-143 |Death. 


Ill. Affects of Nicotin and Strychnia Sulphate, when Injected Simutl- 
taneously. 


First, the drugs were injected in less than fatal doses ; next, fatal doses 
were employed. 
TABLE II. 


Strychnia Sulphate and Nicotin; injected simultaneously, in Non-fatal 
Doses. 


Weight Result of Crucial Experi- 
RESULTS. ment performed Nine 


Days afterwards. 


inim, 


No 


arts of a 


of Rat. 


of agrain. 


Dose of Strychn, 
Dose of Nicotin 


Sulph. in parts 


in p 
| 


1-1000' Ranaroundtheroom actively! Strychnia Sulphate gr, 
for 4min., then kept quiet, un-|1-96, alone, produced no 
less disturbed, for %hr. Duringieffect. For the effect ot 
this time, the respiration was/!j 1-1000 Nicotin see Ex- 
panting. periment l. 

After 1 min., difficult respira-| Strychnia Sulphate, gr. 
tion and prostration. 8 min.,\1-96, alone, produced a 
almost complete paralysis, con- slight increase of reflex 
vulsive motions occasionally.|excitability. For effects 
Increased reflex excitability.\of Nicotin, 1-800, see 
27 min., recovering. Experiments 1, 2, and 3. 

24\1014 oz.| 1-64 |1-800 , Difficult respiration, increas-| StrychniaSulphate, gr. 

| ed reflex excitability, and indis-|l-44, produced slight in- 
| position to move. a of reflex excita- 
| iy. 

25)1044 oz.| 1-96 |1-666 | Very difficult respiration, and; Nicotin, MM 1-666, pro- 
semi-paralysis. The animaljduced difficulty of respi- 
had searcely begun to recover|ration and semi-paraly- 
at the end of 45 min. isis lasting 30 min, 
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TABLE II:—CoONTINUED. 


Result of Crucial Experi- 
RESULTS. ment performed Nine 
Days afterwards, 


urts of a 


of a grain, 
Dose of Nicotin | 
in pa 


} 


Dose of Strychn, 
Sulph. in parts 


| 


| 
! 


2611 oz.) 1-06 |1-400 | Immediately, difficult respira-- Nicotin, M 1-400, pro- 
tion and almost complete paral-'duced difficult respira- 
lysis; then convulsive trem-'tion, semi-paralysis, and 
bling. At ll min., violent con-|convulsions. 
vulsions, after which there was 
semi-paralysis, with very diffi- 
cult respiration. 

1-96 1-230 lg min,, panting respiration,) Nicotin, M 1-230, was 
land almost complete paralysis. followed by difficult res- 
\2144 min., convulsions, which re-|piration and powerful te- 

icurred every few seconds tillthe tanic convulsions, At 18 

l5th min, They were sometimes min., entire recovery. 
clonic, and sometimes tonic.) 
The animal lay quiet till the 
llth min., when there was an- 
lother convulsion, 13 min., con- 
ivulsion, marked reflex excita- 
ibility. 65 min., slight convul- 
sion. 

28/1144 oz. 1-06 |1-230! 1 min., panting respiration,’ Nicotin, I 1-230, caused 

| semi-paralysis. 144 min., violent difficult respiration and 
convulsions, after which respi- semi-paralysis, but no 
ration temporarily ceased,then convulsions, 
recommenced with a gasp. Pro- 
longed exhaustion. 
29/1044 oz. 1-96 |1-230 Same as in Experiment 23. Nicotin, MM 1-230, pro- 
duced same effects as in 
Experiment 28. 

30)1044 oz. 1-96 (1-176 | 1 min., irregular convulsions, Nicotin, Mm 1-176, had 
followed by difficult respiration been given alone 1 week 
and prostration, 35 min., severe previously. It had caused 
irregular convulsions, followed severe convulsions, but 
by marked increase of reflex the animal had recovered 
excitability. 75 min., marked in 1 Ar. 
tetanic convulsion. 2% Ars., 
there have been occasional con- 
vulsive movements, but at no 
time paralysis. 


The effects of fatal doses of Strychnia Sulphate, injected with, or fol- 
lowed by, varying doses of Nicotin ; and of fatal doses of Nicotin, injected 
with, or followed by, varying doses of Strychnia Sulphate, were next noted. 
The results are given in the following table. It will be noticed, that in 
some cases either drug was given in divided doses, and that, in these cases, 
the total amounts given are mentioned in the appropriate column. 
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TABLE III. 


Experiments in which Nicotin and Strychnia Sulphate were given together, 
or at short intervals, Fatal or nearly Fatal Doses of either Drug being 


+ 


3l 


34 


35 


36 


38 


employed. 
ss 
$3. 
SS s 
> Qe 
Weight | ~ > 
~ OSs 
of Rat. >.28 
2S 
Se 
8 oz 1-48 
8% oz. 1-48 
5 oz. 1-44 
914 OZ. 1-48 
94 oz.| 1-31 
6% oz.) 1-48 
5°54 oz.| 1-48 
! 
} 
| 
94 oz.) 1-48 
| 
| 
67% Me 1-48 
934 on 1-48 


arts of a 


"| Dose of Nicotin 


finim. 


in p 


1-2000| Death. | 


1-1000 Death . 


1-1000 Death. 


1-800 Death. 


1-800 Death. 


1-500 Death. 


1-800 | Death. 


1-400 |Death. 


1-600 |Death ‘ 








1-500 |Death. 


|1-500 | Death. 








Result. | SYMPTOMS, &c, 


After 1 min. the animal stood quiet, breathing 
\with great difficulty. Occasional ee so 
jwere noted, and at 20 min. a tetanic convulsion 
(with emprosthotonos) and death. 

The animal stood quietly, breathing somewhat 
heavily, until 30 min., when there was a tetanic 
spasm, and death, 

After 3 min., difficult respiration, and marked 
reflex excitability. 5 min., slight convulsion, 
jafter which the respiration was slow and difficult, 
jand the animal walked with great difficulty, and 
jonly when irritated. 15 and 27 min., slight con- 
\vulsions. 42 min., tetanic convulsion, and death 
1 min., panting respiration. 5 min., increased 
jreflex excitability; prostration. 25 min., tetanic 
jconvulsion, and death. 

The animal immediately lay on side paralyzed, 
and continued so till death, which followed an 
lirregular convulsion at 2 min, The respiration 
was slow and gasping throughout. 

The nicotin was given in divided doses. 1 l- 
1000 was given with the Strychnia Sulphate. The 
rat stood quietly, breathing heavily until 12 min., 
when there was convulsive trembling. An at- 
tempt to use the hypodermic syringe caused a 
convulsion. Nicotin, I 1-2000, was now injected. 
At 20 min., a second tetanic convulsion occurred, 
and immediately after Nicotin, I) 1-2000 was in- 
jected. At 22 min., tetanic convulsion, and death. 

Immediately, almost complete paralysis, and 
panting respiration. From 1% to 4 min., continu- 
ous opisthotonos, with exceedingly rapid vibra- 
tions of the extremities. The respiration became 
slower and slower; at times, intervals of 10 sec. 
passed between the respiratory acts. 4 min., 
slight convulsive motions. 7 min., slight volun- 
tary motions. Increased reflex excitability. Con- 
vulsions at 22, 34, and 37 min., then death. 

Nicotin given in divided doses, as detailed be- 
low. 5min.after injection of Strychnia Sulphate, 
no effect was apparent, except increased reflex ex- 
icitability. Nicotin, mM 1-1000, wasinjected. 10 min., 
the rat isinactive; respiration somewhat labored. 
\Increased reflex excitability. Nicotin, M 1-1000, 
|was injected. The respiration immediately be- 
jcame more difficult; the animal staggered, fell 
jon side, and, at 13% min., had a violent tetanic 
jspasm (emprosthotonos), terminating in death. 

The animal stood quietly, breathing heavily. 5 
|min., almost helpless; marked reflex excitability. 
84 min., tetanic spasm, and death. 
ifficult respiration, increased reflex excitabil- 
lity, and almost complete paralysis, till 22 min., 
lebén there was a single tetanic spasm, and 
jdeath. 
| 44 min., difficult respiration ; stands motionless, 
jor moves with difficulty, if disturbed. 15 to 18 
imin., slight convulsions. 25 min., tetanic convul- 
lsion, and death. 
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TABLE III.—ConrTINUED. 


inim, 


SYMPTOMS, &c, 


arts of a 


of @ grain, 


Dose of Nicotin 


in 


Dose of Strychn, 
Sulph. in parts 


1210 oz. 1-96 1-220 |Death.! The Nicutin was first injected; immediately 
after, difficult respiration, and semi-paralysis. 6 
min., irregular convulsions which terminated in 
cessation of respiration for 15 sec., when it re-com- 
menced with a gasp. Therewas now complete 
paralysis (excepting of course the heart and res- 
jpiration). At 25 min., the animal was beginning 
| to recover power, when Strychnia Sulphate, gr. 1- 
%, was injected. 43 min., increased reflex excita- 
bility. 50 min., tetanic convulsion, and death. 
Post mortem—The heart was exposed; it continu- 
jed to beat for 10 min, 

1-96 1-200 Death Immediately, violent convulsions, lasting one 
min., followed by temporary cessation of respira- 
tion, which recommenced witha gasp. Almost 
complete paralysis till 23 min., when the convul- 
sions recurred, and terminated in death. 

1-192 1-200 Death.| The Nicotin was first injected; it was followed 
in 44 min, by a tetanic convulsion, lasting 2 min.; 
then semi-paralysis. 4 min., Strychnia Sulphate 
gr. 1-192, was injected. 10 min., the semi-paralyzed 
condition continued. Reflex excitability increas- 
ed. l4 min., tetanic, alternating with clonic, con- 
vulsions commenced, and lasted for 8 min., after 
which there was almost complete paralysis 538 
min., tetanic convulsion, and death. 

1-6 1-180 Death.) Convulsions for 5 min., succeeded by semi-paral- 
ysis, and increased, reflex excitability, with ex- 
jtreme difficulty in respiration. 2 hrs., slight vol- 
untary motions. 20 hrs., almost complete paral- 
|ysis; noconvulsions, 21 Ars., complete paralysis; 
slightconvulsive movements occasionally. 23 hArs., 
death from failure of respiration, which had be- 
come very infrequent (one a minute). 

1-6 1-125 Death 1 min., tetanic convulsion, lasting 2 min., and fol- 
lowed by semi-paralysis and difficult respira- 
tion. 28 min., tetanic convulsion, and death. 


B. On Cats. 


As in the preceding series of experiments, the minimum fatal dose and 
the physiological effects of the two poisons were first ascertained. 


I. Minimum Fatal Dose of Strychnia Sulphate on Cats. 


This was found to be about 1-425 of a grain to the pound. It is proba- 
ble, however, that age and individual peculiarities produce variations in 
the effects of this and other poisons. 





6( 5 
{ Haynes. 


TABLE [YV. 


Indicating the Minimum Fatal Dose and Physiological Effects of Strychnia 
Sulphate on Cats. 


SYMPTOMS. 


nia Sulphate | 
| in parts of a}| 


Weight. 


| Dose of Strych- || 
grain. 


| No. 


47\714 bh. 1-16 |Death. A single convulsion caused death in 5 min. 

48) 114 th. 1-30 Death. A single convulsion caused death in 5 min. 

49\31% bb. 1-30 | Death. In 13min, 

50|534 tb. , 1-60 | Death. In 75 min. 

515%. 15\4402z., 1-96 |Recovery.| After 22 min., panting, labored respiiution. 
Great reflex excitability; slight convulsions, 
when disturbed; when not disturbed, sat mo- 
tionless. After 1 hour, recovered. 

23 th. 1-144 |Recovery.| In 15 min. extremely violent convulsions, 
lasting 2 min. Then the animal lay motionless 
on its side for 10 min., and then was able to 
move, but with great difficulty. Convuisions 
joccured at 47, 67, and 85 min. 

3/2 tb. Z. 2 | Death. After 15 min. a single tetanic convulsion, and 
death. 

2 th. z. 1-210 |Reecovery.| Marked reflex excitability and difficult loco- 
| motion. 

5/2 th. -| 1-240 Recovery., No effect. 

ih L -| 1-280 |Recovery.|; Marked reflex excitability; locomotion al- 

. most impossible for 1 hour. 

7144 th, 1-280 | Death. In 19 min. 

S81 tb. 14 oz.) 1-280 |Recovery.| Barely escaped with life, after several severe 

| convulsions. 

59) 114 th. 1-300 | Death, | In 25min. 

60)1'4 tb. 1-330 | Recovery. Sante escaped with life, after severe convul- 

sions. 

6l\\ th. ll oz., 1-373 |Recovery.| Slight rigidity of extremities, lasting 1 hour. 

62). tb. 14 oz.) 1-560 |Recovery.| Slight rigidity of extremities, 

63) 144 bb. | 1-400 | Death. After several hours, 

64|2 344 0z.| 1-200 | Death. After two convulsions, in 50 min. 


Il. Minimum Fatal Dose and Physiological Action of Nicotin on Cats. 


The least fatal dose was found to be about 1-150 of a minim to the pound. 
The physiological effects do not materially differ from those observed in 
rats. An additional symptom is extremely violent vomiting, due to 
gastro-intestinal spasm. (Nasse.) 


PROC AMER. PHILOS. 80C. xvi. 99. 3x 





Haynes. } 


606 


{March 16, 


TABLE JV. 


Showing the Effects of Nicotin on Cats, and the Minimum Lethal Dose. 


j 
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| 2 | 
| > } 
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s| | 
—| ra 
65|5. 15 02. | 
66.8 tb 
67/8 
i 
68/8 Bb. 
| 
00/5 = 
| | 
| | 
~ | 


713 mh. 9 oz.) 


| 
j 
| 


tin in parts of | 


Dose of Nico- 
a Minim. 


Result. 


i, 
& 


- 
& 


|Recovery. 


1-19 |Recovery. 


1-18 |Death. 


1-80 |Death. 


1-60 |Death. 


1-35 |Death. 


SYMPTOMS. 


|Recovery. | Respiration slow and labored for 4 min., then 


rapidand panting. Twitching ofthe ears. Dis- 
jinclination to move. 45min., recovering. 
| The animal moved rapidly around the room 
for 9min. Then vomiting occurred, and was 
\followed by violent retching. He uttered in- 
jcessant cries, and walked around, but less ac- 
jtively. The respiration was slow and panting ; 
the pupils contracted. 20 min., he walks with 
difficulty, having imperfect control over the 
posterior extremities. 1 hour, recovering. 
Before the injection, the pulse was 10, and the 
respiration 51, a minute; the pupils were 9-20 in. 
in diameter. 2 min., walks with great difficulty. 
Cries out anxiously. Purging and salivation. 
Respiration 45, noisy and difficult. Pupils 8-20. 
8 min., lay stretched out on side. Respiration 
10. Pupils 7-20; nictitating membrane drawn 
over eye. 12 min., walks with great difficulty, 
when disturbed. Respiration extremely rapid 
and panting. 27 min., moves head, when tail is 
ipinched, but cannot move rest of body. 37 min., 
convulsive twitching ofears. 45 min., paralysis 
jand compete unconsciousness. Respiration 84. 
Pupils 10-20. 123 min., recovering. 
| Kefore the experiment, respiration 36; pulse 
1156; pupils 10-20. 1 min., respiration 30, very 
jlabored. 2% min., respiration 66, whistling; 
icried out; ears twitched; salivation. 4 min., res- 
siration 144; pupils 4-20; violent retching, purg- 
ling. The animal lay apparently powerless, 
but moved, though with great difficulty, when 
idisturbed ; the extremities were quite rigid. No 
convulsive movements were apparent, except 
‘in the ears, but all the muscles (especially the 
masseters) could be felt rapidly vibrating. 12 
imin., entire paralysis; legs jerked. 13 min., res- 
ipiration 68, noiseless; slight clonic convulsion. 
‘The respiration now became more and more 
infrequent, and finally ceased at 15 min. The 
jheart beat five minutes longer. The pupil 
just before death was 8-20. 
| Before the experiment, the respiration was 57, 
ithe pupil 9-20. 1 min., respiration 120, panting. 
\2 min., lay on side; ears twitched; violent retch- 
jing. 7 min., respiration 45, not noisy, but very 
laborious ; pupils 8-20. 11 min., walked a few 
|paces, with great difficulty. 12 min., irregular 
convulsions, lasting 4 minute, and ending in 
death, through failure of respiration. he 
heart continued to beat for a few minutes. 
Difficult respiration; vomiting, purging, and 
urination; tetanic convulsions, and death at 7 


min. 
| Immediately on termination of injection, te- 
jtanic convulsions set in, and lasted for! minute, 
iwhen the respiration ceased. 
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Ill. Effects of the Combined Action of Nicotin and Strychnia Sulphate 
on Cata. 


"9 


EXPERIMENT 72. 

Strychnia Sulph. gr. 1-292 and Nicotin 11-40 were injected together 
into a cat, weighing 1 lb. 145 oz. The animal immediately breathed 
noisily and with difficulty ; the ears twitched rapidly. He walked around 
the room with great difficulty, and at 4 minutes fell over on the side con- 
vulsed, and shortly expired. The heart continued to beat for a time after 
respiration had ceased, and this was the case in all the subsequent experi- 
ments. 

EXPERIMENT 73. 

Strychnia Sulph. gr. 1-192 and Nicotin 11-20 were injected together 
into a cat, weighing 2 lbs. 5 oz. The symptoms were: rapid, noisy | 
labored respiration ; violent retching, and purging; in 2 minutes, tetanic 
convulsion, and in 4 min. death. Convulsive movements of the muscles 
of the head continued for several minutes after death. 


EXPERIMENT 74. 

Strychnia Sulph. gr. 1-288 and Nicoiin 11-70 were injected together 
into a cat, weighing 2 lbs. $0z. The symptoms were the same as in the 
preceding experiment. Death occurred at 5$ minutes. 

EXPERIMENT 75. 

Strychnia Sulph. gr. 1-180 and Nicotin 1.1-75 were injected together 
into a cat, weighing 3 lbs. 90z. 4 min., the cat walked around the room, 
staggering ; extremities stiff; respiration siow and panting. 3 min., he 
lay motionless on the side, but was able to move slightly, if irritated. There 
was marked reflex excitability. The respiration was rapid and difficult. 6 
min., slight, momentary, clonic convulsion. The respiration now became 
more and more feeble and infrequent, and ceased at 12 minutes. 


EXPERIMENT 76. 

Strychnia Sulph. gr. 1-74 and Nicotin 11-40 were injected together 
into a cat, weighing 6} lbs. 3 min.. he ran around, crying anxiously. 
The respiration was slow, panting, and labored. 4 min., he lay over on the 
side occasionally, as if exhausted. Convulsive twitching of the ears, and 
violent vomiting and retching, now commenced. The membrana nictitans 
was drawn, 54mén., he lay stretched out, motionless, on the side, but could 
walk, though with great difficulty, when disturbed. 9 min., clonic, suc- 
ceeded by tetanic, convulsions set in, and caused death. 


EXPERIMENT 77. 


Strychnia Sulph. gr. 1-74 and Nicotin 11-30 were injected together into 
a cat, weighing 6 lbs. 60z. The usual difficulty of breathing, vomiting, 
and prostration, ensued. The pupil was contracted. At 6} min., feeble 
convulsions occurred, lasted 4 minute, and were succeeded by complete 
paralysis. Respiration ceased at 9 minutes. 
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EXPERIMENT 78. 

Strychnia Sulph. gr. 1-96 and Nicotin 1-63 were injected together 
into a cat, weighing 5 lbs. 30z. After 5 min., twitching of ears ; panting, 
rapid, labored respiration ; contracted pupils. These syinptoms, together 
with violent vomiting, continued till 15 minutes; when, in addition, 
marked reflex excitability was noted. 17 min., convulsive jerking, which 
continued at intervals until 37 min., when a violent tetanic convulsion oc- 
curred, and killed the animal. The symptoms, up to 15 min., were those 
peculiar to Nicotin ; then the convulsive action of Strychnia showed itself, 
increased, probably, by the identical action of Nicotin. At no time was 
there paralysis ; the dose of Nicotin was not large enough to produce this 
symptom. 

EXPERIMENTS 79, 80, 81. 

(79) A cat weighing 2 lbs. 3 0z. received Strychnia Sulph. gr. 1-288. 
No symptoms resulted. 

(80) The same animal, one week afterwards, received Nicotin 111-86. 
The symptoms lasted about one hour, and were as follows: violent 
vomiting, staggering gait, contracted pupils, twitching of the ears, and 
rapid, noisy respiration. 

(81) The same animal, one week afterwards, received, by a single in- 
jection, Strychnia Sulph. gr. 1-288 and Nicotin 11-86. The respiration 
immediately became rapid and labored. In 30 seconds clonic convulsions 
commenced, and lasted till death, which occurred at 2 minutes. 

EXPERIMENTS 82, 83. 

(82) A kitten, weighing 1 lb. 12 oz., received Strychnia Sulph. gr. 1-384. 
27 min., a tetanic spasm occurred, and lasted one minute. The animal 
then lay perfectly motionless, with panting respiration, for 5 minutes ; and 
afterwards rapidly recovered. 

(83) The same kitten, one week afterwards, weighing 1 lb. 14} 0z., 
received Strychnia Sulph. gr. 1-384, together with Nicotin 71-100. After 
1 min., the animal breathed laboriously, and walked with difficulty. 2 
min., twitching of ears, violent vomiting. 3 min., respiration very labored 
and noisy. Limbs very stiff. Vomiting continues. 15 min., convulsions, 
somewhat tetanic ; death at 17 min. 

EXPERIMENTS 384, 85. 

(84) A cat, weighing 6 lbs. 5 oz., received Strychnia Sulph. gr. 1-96. 
No result ensued, except slight increase of reflex excitability. 

(85) The same animal, 20 days afterwards, weighing the same, received 
the same dose of Strychnia Sulph., together with Nicotin 11-50. The 
respiration immediately became difficult, then panting. 8 min., twitch- 
ing of ears. 9 min., retching. 10 min., the animal became convulsed, 
and in this condition leaped high in the air, then ran around the room, 
and at 11 minutes dropped dead. 

EXPERIMENTS 86, 87, 88. 

(86) A cat, weighing 6} lbs., received Strychnia Sulph. gr. 1-82. No 

symptoms ensued, except temporary stiffness in walking. 
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(87) The same animal, one week afterward, received Nicotin 111-30. 
The symptoms were: very difficult respiration ; twitching of the ears ; 
vomiting and purging; marked prostration. After 1} hrs., the animal 
began to recover. 

(88) The same animal, one week after the last experiment, received 
together Strychnia Sulph. gr. 1-82 and Nicotin 1) 1-30. After 1 min., 
difficult respiration, and twitching of the ears. 3 min., violent vomiting, 
purging, and urination. The animal lay over on the side, breathing 
very noisily. 12 mén., tetanic convulsion, and death. 


C. On Rabbits. 
I. Minimum Lethal Dose of Strychnia Sulph. on Rabbits. 


This has been determined by Bennett, as regards the pure alkaloid, to 
be 1-288 of a grain tothe pound. Of course, the dose of the sulphate must 
be proportionally greater. 


Il. Minimum Lethal Dose and Physiological effect of Nicotin on Rabbits. 


The minimum fatal dose was found to be about 1-80 of a minim to the 
pound, or 1-27 of a minim to a rabbit of average size (3 lbs.). The essen- 
tial symptoms caused by Nicotin, as in the cases of cats and rats, are 
paralysis and convulsions, with profound disturbance of respiration. 
Vomiting does not occur; purging and urination are not as common 
symptoms as they are in the cat. Rabbits are generally killed by a single 
convulsion, whether caused by Nicotin or Strychnia. 


TABLE VI. 


Showing the Effects of Various Doses of Nicotin on Rabbits, and Indicating 
the Least Fatal Dose. 


SYMPTOMS. 


Weight. 
| in parts of 
Minim. 
Result. 


Dose of Nie 


89\3 th, 


_ 
= 


Recovery. After 10 min., the animal was somewhat lan- 
guid,and rested at full length. 1 howr, perfect 
recovery. 

Recovery.| Temporary weakness, Contraction of the pu- 
pil. 

Recovery.| After 10.min, languid. After 20 min., dragged 
hinder legs somewhat when walking. After 30 
min,., ceased to drag hinder legs, but walked as 
if they were somewhat stiff. Pupil contracted. 

Recovery.) Temporary prostration, contraction of pupil. 

Recovery. After 3 min., languid. The posterior extremi- 
ties were dragged somewhat in walking, then 
were moved altogether, as if they were stiff. 
Pupils contracted. 15 min., the animal moved 
around in a small circle. There were jerking 
movements of the body, which lasted a few 
seconds, and were succeeded by extreme pros- 
tration, without actual paralysis. After 45 min., 
recovering. 
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TABLE VI.—CONTINUED. 


a 


SYMPTOMS. 


Dose of Nicotin 
parts of 


in 
Minim. 


0z.' 1-42 |Recovery.. Temporary prostration and contraction of 
| | pupil. 
40z.' 1-30 |Recovery. ' After 7 min., paralysis of hinder extremities, 
and shortly afterwards of anterior extremities. 
The paralysis continued until 30 min., when if 
disturbed the animal could move a short dis- 
tunce, on her belly, a:] the limbs extended side- 
ways. Rapid recovery ensued. 
;3. 1 oz.) 1-28 |Recovery 4 min., ~ ran around the room, convulsed, 
| screaming loudly and sharply. 4% min,, rested 
quietiy; panting respiration. 6 min., ran 
uround the room for 4% minute, convulsed, and 
screaming. After this, she became paralyzed, 
und lay stretched out on the belly. Respira- 
tion rapid and tabored, This condition con- 
tinued till 43 min., when she had so far recover- 
ed, that when disturbed she moved herself on 
her belly along the floor for about two feet, 
using the limbs as lateral paddles. 50 min., 
rapidly recovering. 

73.1 oz.) 1-27 |Death She walked across the room, wabbling, and 
placed her head in a corner. At 1 min., she 
squealed sharply; the ears began to twitch. 
she fell on her side, and was seized with vio- 
lent clonie convulsions, which lasted until 4 
min,, when death ensued, The pupil at 2 min. 
had contracted from 7-20 to 2-20. As with all 
experiments with nicotin, the action of the 
heart continued after respiration had ceased. 

O83. 2 oz.) 1-20 | Death After 1 min., she lost all power over the 
hinder extremities, and, immediately after, 
over the front ones. 3 min, severe convulsions 
occurred, after which she lay quiet and motion- 
less. 5 min., she was lifted, and had a slight 
convulsion. 1044 min., convulsions occurred, 
and were succeeded by complete paralysis. The 
respiration grew slower and feebler, and, at 23 
min,, ceased, 

99 3. 18 oz.) 1-14 Death. 1 min, twitching of the ears, clonic convul- 
sions, 83 min., convulsions occurred, and were 
succeeded by paralysis of the entire body, ex- 
cepting the head, since she moved the head and 
ears when the hind quarters were touched, 22 
min,, convulsions set in violently, caused ap- 
parently by the irritation of a sudden noise, 
fhese continued at intervals until 34 min., 
when one of them terminated in death. The 
respiration, from the beginning, was at times 
gasping, and at times comparatively easy. 


Ill. Effects of the Combined Action of Nicotin and Strychnia Sulphate on 
Rabbits. 
SXPERIMENTS 100, 101, 102. 

(100) A rabbit, weighing 3 Ibs. 4} 0z., received Nicotin 11-50. Slight 
difficulty in walking, with prostration, and contraction of the pupil, ensued. 
In one hour, the animal had perfectly recovered. 

(101) The same animal, 8 days after, received Strychnia Sulph. gr. 1-192. 
No result ensued. 
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(102) The same animal, 8 days after, received Strychnia Sulphate gr. 
1-192, together with Nicotin 11-50. The symptoms were the same as in 
Experiment 100. 


EXPERIMENTS 103, 104, 105. 


(103) A rabbit, weighing 3 lbs. 5 oz., received Nicotin 171-50, with the 
same result as in Experiment 100. 

(104) The same animal, 8 days after, received Strychnia Sulph. gr. 1-128, 
with no effect. 

(105) Eight days afterwards, the two doses were given together, with 
the same effect as when the Nicotin was given alone. 


EXPERIMENTS 106, 107, 108. 


(106) A rabbit, weighing 3 Ibs. 14} 0z., was given Nicotin 11-50, with 
the same effect as in Experiment 100. 

(107) The same animal, one week after, was given Strychnia Sulph. gr. 
1-109, with no effect. 

(108) After 8 days, the two doses were given together, and produced 
prostration, stiffness, noisy and labored respiration, with increase of reflex 
excitability. 

EXPERIMENTS 109, 110, 111. 


(109) A rabbit, weighing 3 Ibs. 14} 0z., received Strychnia Sulph. gr. 
1-74, In 15 min. was accidentally struck by a door, and had a tetani¢ con- 
vulsion. 28 min. Perfect recovery. 

(110) The same rabbit, 8 days afterwards, received Nicotin gr. 1-35. 
3 min., stiffness ; difficult respiration. 15 min., limbs almost completely 
paralyzed. 1} hour, recovery. 

111) The same rabbit, after an interval of one week, received the two 
doses combined. After 2 min., walked with difficulty ; respiration labored. 
10 min., sat quiet, quivering occasionally. 35 min., tetanic convulsion, 
and death. 

EXPERIMENTS 112, 113, 114. 


(112) A rabbit, weighing 3 Ibs. 11} 0z., received Strychnia Sulph. gr. 
» 1-96, alone, and with no result. 

(113) The same animal, 7 days afterwards, received Nicotin 11-30. 
Marked prostration and difficulty in breathing resulted. 

114) After an interval of a week, the two doses were given combined. 
In addition to the symptoms mentioned under Experiment 113, a slight 
convulsion occurred. 


EXPERIMENTS 115, 116, 117. 


(115) A rabbit, weighing 3 lbs. 11 0z., received Strychnia Sulph. gr. 
1-82, with no result. 
(116) The same animal received Nicotin 11-30, with the same results 


as in Experiment 113. 
(117) After one week, the two doses were given combined. 2 min., dif- 
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ficult respiration; prostration. 8 min., he lay with the extremities 
stretched out, powerless, his nose touching the ground. 1 hour, convul- 
sive jerking. 70 min., tetanic convulsion. 71 min., brief clonic convul 
sion. Recovery. 

EXPERIMENTS 118, 119, 120. 


(118) A rabbit, weighing 3 Ibs. 114 0z., received Strychnia Sulph. gr. 
1-77, with no effect. 

(119) The same animal, received Nicotin 11-30, with the same effect 
as in Experiment 113. 

(120) One week after, the above-mentioned doses were given together 
to the same animal. For 22 min., nothing was noted, except difficult loco 
motion, and prostration. Then two clonic convulsions occurred, in quick 
succession. 30 méin., clonic convulsion. 31 min., tetanic convulsion, and 
death. 

D. On Dogs. 
Effects of the Combined Action of Nicotin and Strychnia Sulphate on Dogs 
EXPERIMENT 121. 


A dog, weighing 2 Ibs. 3 oz., received Strychnia Sulph. gr. 1-96. After 
12 min., the only symptom noticed was stiffness in walking. Nicotin M 
1-400 was now given ; immediately, the stiffness of the extremities became 
so marked that it was almost impossible for the animal to walk. He lay 
down on his side, and, at 14 min., had a violent clonic convulsion, lasting 
1$ minute. At 154 min., Nicotin 11-400, was again injected. The 
animal continued to lay on the side powerless; the respiration became 
more and more feeble ; there was convulsive twitching of the body ; and 
death ensued, at 24 min. 

EXPERIMENT 122. 

A dog, weighing 4} lbs., received Strychnia Sulph. gr. 1-72. 3 min., no 
symptoms. Nicotin 1).1-400 was given. 6 min., respiration labored, 
panting. 9 min., he is very stiff; respiration the same. Nicotin 11-400 
was again injected. 11 min., irregular convulsions, during which Nicotin 
111-400 was injected. The convulsion ceased at the 12¢h min., but the 
animal still lay extended on the side, the respiration became less and less 
frequent, and ceased at the 14th min. 

EXPERIMENT 123. 

A dog, weighing 64 lbs., received Strychnia Sulph. gr. 1-32. 6 min., no 
symptoms. Nicotin 111-200 was now injected. The respiration imme 
diately became somewhat labored. 13 min., tetanic convulsion. Nicotin 
111-200 injected. Immediately after the injection, a second tetanic con- 
vulsion occurred ; shortly afterwards, a third. 164 min., death. 

EXPERIMENT 124, 

A dog, weighing 24 lbs., received Strychnia Sulph. gr. 1-192, and Nico- 

tin 111-96, by a single injection. 30 seronds, slow, panting respiration. 
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Pupils contracted ; nictitating membrane drawn over the cornea. 35 seconds, 
he staggered a few steps, fell on the side, and in 14 min. was seized with 
powerful tetanic convulsions, which terminated life at 4 min. 


EXPERIMENT 125. 


A dog, weighing 7 Ibs., received Strychnia Sulph. gr. 1-32, with Nicotin 
11-200. 1 min., labored respiration. 7 min., slight convulsion. 7} 
min., Nicotin 71-200 given. 8 mién., respiration labored and noisy. 
9 min., tetgnic convulsion. 10min., Nicotin 1-200 given. 14 min., tetanic 
convulsion, and death. 


EXPERIMENTS 126, 127, 128. 


(126) A dog, weighing 2 lbs. 10 oz., received Strychnia Sulph. gr. 1-192. 
The symptoms were rigidity of the limbs, and slight increase of reflex 
excitability, lasting till the 25th min. 

(127) The same animal, 5 days afterward, received Nicotin 1 1-192. 
The symptoms (which lasted about 20 minutes) were slow, labored respira- 
tion, staggering gait, vomiting, salivation, contracted pupil. 

(128) The same animal, after 7 days, received the two drugs together, 
in the doses detailed above. The symptoms were slow, labored respira- 
tion, great weakness, staggering walk, vomiting, salivation, contraction of 
pupil; several slight convulsions between the 12th and 18th mins. 20 
min., recovery. 

EXPERIMENTS 129, 130, 131. 


(129) A dog, weighing 7 lbs., received Strychnia Sulph. gr. 1-48. It 
was followed by stiffness and increased reflex excitability. When irritated, 
feeble convulsions occurred. 

(180) The same animal, after 5 days, received Nicotin 11-200. 2 
min., respiration very difficult; gait staggering. 7 min., purging and 
vomiting. 

(181) The same animal, 7 days afterwards, received the doses, detailed 
in Experiments 129 and 130, combined. 2 min., difficult respiration, and 
staggering gait. 9% min., vomiting; great rigidity. 12 to 20 min., irregu- 
lar convulsions occurred spontaneously ; gradual recovery. 

EXPERIMENTS 132, 133, 134. 

(132) A dog, weighing 5 lbs. 10 0z., received Strychnia Sulph. gr. 1-96. 
15 min., decided stiffness and difficulty in walking ; somewhat labored 
respiration. 28 min., recovering. 

(183) The same animal, 6 days afterwards, received Nicotin 11-200, 
with the same effect as in Experiment 130. 

(134) The same animal, 7 days afterwards, received the two poisons 
combined in the doses detailed above. 14 min., difficult respiration. 7 
min., stiffness. 8 min., vomiting; convulsive movements. 2 and 15 
min., irregular convulsions. 32 min., recovering. 
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EXPERIMENTS 135, 136, 137. 


(135) A dog, weighing 2} lbs., received Strychnia Sulph. gr. 1-180, 
with the effects mentioned in Experiment 126. 

(136) The same dug, 6 days afierwards, reccived Nicotin 11-192, with 
the effects described in Experiment 127. 

(137) The same animal, 2 weeks afterwards, weighing then 44 lbs., re- 
ceived the two poisons combined, in the doses mentioned in the two pre- 
ceding experiments. 1 min., panting respiration. 4 min., lay quietly, as if 
exhausted. 12 min., vomiting. 29 min., decided rigidity. He stood 
with his head in a corner, moaning. Though the animal had much in- 
creased in weight, the symptoms were more marked than in the controlling 
experiments. 

EXPERIMENTS 138, 139, 140. 

(138) A dog, weighing 11 Ibs., received Strychnia Sulph. gr. 1-48, with 
no effect. 

(139) The same animal, after 6 days, received Nicotin 11-20. 1mén., 
difficult respiration. 2 min., staggering gait. 15 min., recovering. 

(140) The same animal, 7 days after, received Nicotin 71-20. Im- 
mediately, the animal became almost completely paralyzed, and breathed 
noisily and laboriously. 1 min., Strychnia Sulph gr. 1-96 was injected. 
Clonic convulsions set in after a few seconds, and continued for 1$ minute. 
During the convulsion, a second injection of Strychnia Sulph. gr. 1.96 
(making in all gr. 1-48) was given. 24 min., convulsions ceased ; tem- 
porary cessation of respiration, which recommenced with a gasp, and for 
5 minutes was very laborious and infrequent (5 to 10 per minute). During 
this time, the animal remained completely paralyzed and unconscious. 7} 
min., he staggered across the room; respiration improving; pupil ‘con- 
tracted, and nictitating membrane drawn. 21 min., the animal now stood 
in a stiff, uneasy attitude, quivering very much when touched, and every 
minute running across the room, howling, slightly convulsed. 38 min., 
he was lifted slightly with the foot, and fell over on his side in a violent 
clonic convulsion. After this, no more convulsions occurred. The animal 
gradually recovered. 

EXPERIMENT 141, 142, 143. 

(141) A dog, weighing 14 lbs., received Strychnia Sulph. gr. 1-24. It 
was followed by marked increase of reflex excitability, lasting 75 min- 
utes. The animal barely escaped a convulsion. 

(142) The same animal, one week after, received Nicotin 11-20, with 
the effects noted under Experiment 139. 

(148) The same animal, one week after, received the two poisons com- 
bined, in the doses just detailed. 5 min., difficult respiration, great rigid- 
ity, vomiting. 15 min., severe clonic convulsions lasting two minutes. 
23 to 35 min., he had numerous convulsions, but none strong enough to 
cause him to fall. Then a powerful tetanic convulsion occurred ; then the 
same condition of semi-convulsion was noted; and at 45 min., another 
tetanic convulsion, and death. 
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REMARKS. 


The recorded cases of Strychnia poisoning treated by Tobacco are ex- 
tremely unsatisfactory. If they prove anything, it is merely that Tobacco 
is a powerful emetic. 

Haughton’s experiments on this subject (really only two in number) 
were performed in such an unscientific manner as to be utterly valueless. 

Wormley’s and Reese’s experiments would certainly seem conclusive, 
were it not for the fact that the drugs were administered by the mouth: 
therefore, since vomiting so generally occurred, we cannot feel certain that 
the tobacco infusion was absorbed with sufficient rapidity, or in sufficient 
quantity, to exert any possible antidotal power. 

From the experiments given in detail in the preceding pages, the follow- 
ing inferences may, I think, safely be drawn : 

1. Strychnia and Nicotin are in no degree antagonistic poisons. 

2. Strychnia increases the convulsive action, and does not diminish the 
motor paralysis, of Nicotin.* 

3. Nicotin (even in paralyzing doses) increases the convulsive action of 
Strychnia.+ 

4. Both poisons cause death by paralyzing the respiratory apparatus. 
They may effect respiration in different ways, but the result is the same. 

5. Animals may be killed by injecting together doses of the two drugs, 
which, singly, are not fatal. 

There is no reason to suppose that the above deductions are not applica- 
ble to the human animal. The symptoms of poisoning by the two drugs 
are identical in man and the lower animals. As regards Strychnia, this is 
too well known to need further remark. In regard to Nicotin, it is only 
necessary to refer the reader to the recorded cases of poisoning by that 
drug.§ 

It may not be out of place to mention the fact that experimentation has 
proven that Nicotin and Strychnia show a remarkable similarity in their 
intimate action on the nervous system, both being excitants of the spinal 


* ExPps, 25, 27, 28, 29, 30, 42, 43, 44, 45, 46, 88, 111, 131, ete. 

+ EXPs. 81, 83, 85, 88, 114, 117, 128, 131, 140, 143, ete. 

t ExPs. 88, 111, 120, 143, ete. 

41) A man, who had swallowed a mouthful of tobacco, became suddenly and 
completely paralyzed; convulsions set in; then vomiting and purging; and he 
finally died of exhaustion. (Edin. Medical Journal, Vol. I., p. 643.) 

(2) A man received an enema of an infusion of two ounces of tobacco. In 
seven or eight minutes, he became pale and stupid; his speech was indistinct; 
and he ec »mplained of pains in the abdomen and head, There were convulsive 
tremors, first of the arms, then of the body. These symptoms were followed by 
extreme prostration, and slow, laborious breathing; then by coma, which termi- 
nated by death eighteen minutes after the poison had been injected. (Tavignot, 
Gazette Med, de Paris, Nov. 1840, p. 763.) 

8) Stillé gives the following symptoms in a case of poisoning by tobacco, in 
the person of a young woman: Slow respiration, coma, opisthotonos, with 
clonic convulsions of the extremities, dilated pupils. (Therap. and Mat, Med., 
Vol. IV, p. 325.) 

(4) A man sat over a chamber-pot containing some tobacco, on which hot 
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cord, and paralyzers of the motor or efferent nerves.* For the explanation 
of these assertions, and for many other deeply interesting facts connected 
with this subject, the reader is referred to other sources. 


On the Brain of Coryphodon. 
By E. D. Copr. 
(Read before the American Philosophical Society, March 16, 1877.) 


The character of the brain in Coryphodon being an important desidera- 
tum, I endeavored to obtain a cast of the cranial cavity of a well preserved 
skull of a ©. elephantopus, from the Wasatch beds of New Mexico. 
The hard sandstone matrix which filled it, was removed with some diffi- 
culty ; the more as its surfaces were indurated by a cement containing 
much iron oxide. The osseous walls were found in a good state of preser- 
vation. It was ascertained that there is a considerable foramen lacerum 
posterius, but which is not nearly of sueh proportionate size as that in the 
genus Tapirus. 

The form of the brain-cast thus obtained is very remarkable. Its distin- 
guishing peculiarities are, (1) the small size of the cerebellum ; (2) the large 
size of the region of the corpora quadrigemina ; (3) the small size of the 
hemispheres ; and (4) the enormous size of the olfactory lobes. 

There is in the cast a strong constriction in front of the medulla oblon 
gata on one side, which does not exist on the other side. It is uncertain 
which represents the true form, as regards the lateral portion, but that 
there was a step-like constriction across the base of the brain at this point, 
there isno doubt. The medulla is very stout and wider than the hemis 
pheres ; it is depressed, and a protuberance on the inferior part of each 
side has the appearance of the base of the eighth pair of nerves. The 
region of the cerebellum is depressed and does not present in the cast a 
distinct line of demarkation from the medulla. An indication of the vermis 
is seen in a low longitudinal median protuberance. In front of this a trans- 
verse shallow depression separates it from the middle brain. 

The region of the corpora quadrigemina is the most bulky portion of the 


coals had been placed. After sitting a few minutes he became completely para- 
lyzed, and showed no signs of life, except a deep sigh every fifteen or twenty 
seconds, (London Med. Gaz., Oct. 1846, quoted by Stillé, Op. Cit. p. 324.) 

(5) Taylor states that in a case of suicide by nicotin, that the person “ became 
insensible and powerless within a few seconds, and died in from three to five 
minutes; without convulsions,” 

A reference to the experiments related in the text, willshow the entire simi- 
larity of the action of tobacco on man, to its action on the lower animals, 


*H. C. Woo.1’s Therapeutics, pp. 284, 340, 341. 
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brain. Superiorly it presents a large transverse tuberosity, with the lateral 
portions well defined, but not distinguished from the cast of the hemis- 
pheres on the median line. From its latero-superior prominences it ex- 
tends downwards and forwards on each side, expanding laterally and nar- 
rowing as it approaches the inferior surface. Each lateral portion is sepa- 
rated from the hemisphere by a deep fissure, into which a prominent crest 
of the lateral cranial walls projects. This crest commences above, nearly 
at the plane of the superior wall, and curves downwards and forwards to 
below the middle of the cavity which contained the hemispheres. The 
inferior face of the middle region of the brain is bounded laterally by 
the projecting masses above described, posteriorly by the constriction in 
front of the medulla, and anteriorly by a slight contraction marking the 
boundary of the hemispheres. Its anterior lateral angles are continued 
into a fossa of the cranium, which I did not clear of the matrix, but which 
doubtless gives exit to the foramina sphenoorbitale and rotundum. The 
protuberance which occupies this fossa here, includes the base of the tri- 
geminus nerve. A short distance posterior to this position on the inferior 
side of the lateral expansion of the middle brain, is the slight projection 
which covers the cavities of the foramen ovale and the foramen lacerum 
posterius. Between these on the middle line, is a pair of longitudinal 
elevations divided by a median longitudinal depression. Posteriorly 
they rise from the transverse constriction of the medulla; anteriorly 
they terminate rather abruptly, the one half at a point anterior to the 
other. This assymmetry is found in the osseous basis cranii, and is 
not due to accident. This median ridge is separated by a wide, shallow 
concavity from the lateral border on each side. A short distance an- 
terior to the foramen sphenoorbitale is a small fossa which I have not 


explored, but which is the opening of the foramen opticum. They are of 


small size, indicating a corresponding character for the optic nerve. 

The cerebral hemispheres are relatively and absolutely very small, their 
median long diameter being one-fifteenth the total length of the skull, or 
a little smaller than those of the Uintatherium mirabile, according to the 
figures and description of Marsh. They are together about as wide as deep 
posteriorly, but both diameters diminish rapidly forwards, the vertical the 


most rapidly. The profile slopes downwards and forwards to the base of 


the broad olfactory peduncles. There are no convolutions nor any decided 
indication of the Sylvian fissure,* but there are surface-casts of the small 
arteries that ramified in the dura mater. Owing to the prominence for- 
wards of the inferior part of the middle brain, but a small part of the in- 
ferior surface of the hemisphere is visible. The olfactory lobes are the 
largest known among Mammalia, and greatly exceed those of Uintatherium, 
as described by Marsh, and even those of Ozyena. Their peduncle is 
transversely oval in section, and is directed horizontally forwards for a 


* Prof. Marsh (Amer. Journ, Sci, Arts, 1876, p. 166) states that both convolu- 
tions and a Sylvian fissure are present in Uintatherium. These assertions are 
not justified by his figures, nor by the probably similar brain of Coryphodon. 
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distance about half as great as the length of the hemispheres without change 

of form. The mass then expands laterally and superiorly, rising upwards 
on each side of an osseous septum, which does not divide the olfactory 
lobes to the inferior face. They are thus deeply grooved above, and 
finally become furcate near to the extremity. Posterior to this point the 
inferior face rises, and the apices project laterally and forwards from the 
superior part of the lobe. The olfactory lobes consist, then, of a massive 
peduncle supporting a grooved subconical enlargement, which is bifurcate 
at the apex.* 

Since the internal walls of the skull show the foramina for the exits of 
the cranial nerves, we have a sufficient basis for the determination of the 
parts of the brain. In this attempt we are met by the difficulties which 
are inherent in the use ofa cast to represent a brain. Although the fora- 
mina sphenodrbitale and rotundum can be readily fixed, their position is 
such as to give the point of exit of the nervus trigeminus an unusually in- 
ferior position. This appears to be the case to a still greater extent in the 
Uintatherium,+ where the lateral descending masses are at the same time 
not nearly so largely developed as in Coryphodon. The large inferior area 
enclosed between these boundaries is then homologous with the pons varolit 
or that part of the encephalon which is covered by it. Its appearance in 
Uintatherium supports this identification, but its proportions and anterior 
position in Coryphodon depart more widely from the usual form. The 
two anterior submedian ridges of its surface, faintly indicated in Uinta- 
therium, may be the homologues of the pronounced median ribs in 
Coryphodon which resemble a continuation of the anterior pyramids of the 
medulla oblongata. As they are not very distinctly marked in the medulla 
of Coryphodon, their identification may be uncertain, but they look like 
that portion of the anterior pyramids which is continuous with the crura 
cerebri, and which are concealed in Mammalia by the pons varolii. Their 
prominence in Coryphodon indicates that the pons is wanting in this 
genus as in the Reptilia. A shallow concavity of the sphenoid bone be- 
tween the origins of the trigemini indicates the position of a pituitary body 
or hypophysis. 

In profile the brain closely resembles in form that of a lizard, é. g., an 
Amiva, excepting that in the latter the cerebellum is more elevated. 
The extension downwards and forwards of the middle brain with its pro 

jection below the hemispheres is common to both, but the inferior portions 
at least, do not appear to be homologous in the two. In the Coryphodon, 
the lateral projections correspond with the exits of the trigeminus from the 
skull; in the Amiva this part terminates in the optic tracts. The superior 
portions of the middle brain correspond in appearance and relative size 
with that of the Amiva, but a clear difficulty in identifying them in the 


* Measurements of this brain are given in the article on Coryphodon elephan- 
topus, in my forthcoming report on the vertebrate Paleontology of New Mexico, 
Vol. IV, of the report of Lieut. G. M. Wheeler. 


+ See Amer. Journ. Sci. Arts, 1876, pl. iv, p._165. 
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two types, is derived from the difference in their inferior connections. One 
result of the examination is assured, viz.: that this region is no part of the 
cerebral hemispheres, and that it is entirely uncovered by them. Avs it is 
not the cerebellum, it stands in the position of the corpora quadrigemina, 
or perhaps the posterior pair more especially. As the homologies of this 
region in the vertebrate brain are not yet determined, further attempts to 
identify this part of it in the Amblypoda must be postponed for the pres- 
ent. The structure is in any event entirely different from that seen in any 
recent Mammalia, or-in any Mammal of a period more modern than the 
Eocene period, and one that not only entitles these animals to a posi- 
tion in a peculiar order, but also in a special division of the class, 
even more distinct than those based by Prof. Owen on the modifications of 
the structure of the brain. The homologies of the olfactory lobes are sim- 
ple, but their extent and form resembles nothing known among mam- 
mals, even far exceeding in size those of Uintatherium. On the other 
hand, they resemble those of reptiles, especially of the lizards, but are 
less deeply bifurcate anteriorly than in them. In the Coryphodon ele- 
phantopus they equal in length the middle brain and hemispheres to- 
gether, and their bulb equals the hemispheres in transverse and vertical 
diameter. 

The nearest approach to the fourm of the brain in the Ambdlypoda, is 
seen in that of the Arctocyon primevus, a Creodont which represented 
the Carnivora in the same lower Eocene fauna, and was actually asso- 
ciated with Coryphodon in France. This brain is described and figured 
by Prof. Gervais, Nouv. Archives du Muséum, vi., 1870, p. 150, Pl. 6 f. 
4, who notices the remerkable exposure of the middle brain or corpora 
quadrigemina. Among Mammalia of later ages some of the extinct 
South American Hdentata, present the greatest resemblances, although 
slight ones. Among these may be noticed the small and transverse cere- 
bellum, and especially the lateral expansion of the region anterior to it. 
To what portion of the brain this expansion belongs, is not known, but 
it is not unlike the lateral mass in Coryphodon, as, é. g., in the Hutatus 
seguini,* Gervais. There is, however, nothing exposed on the superior 
surface in the Edentata which appears to be the middle brain ; hence the 
difference from the brain of the Amblypoda is very considerable. 

In reviewing the evidence brought together up to the present time, the 
writer is of the opinion that the type of brain shown to exist in the Am- 
blypoda, and Creodonta, is as distinct from those characterizing the pri- 
mary divisions of the Mammalia, as they are from each other; and that 
it necessitates the establishment of a special sub-class for their recep- 
tion of at least equal rank with the groups Gyrencephala, Lissencephala 
and Lyencephala. This may be called Protencephala, with the following 
definition: Cerebral hemispheres smooth, small, leaving not only the 
cerebellum but the middle brain exposed behind, and contracting into the 


*Figured in the important Memoir of Gervais, already quoted, Nouv. Arch. 
Mus., 1869, v., p. 42. 
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very large olfactory lobesin front. Cerebellum very small and flat ; middle 
brain large. This character is sustained by that of the ankle joint, which, 
existing in two such distinct divisions as the Amblypoda and Creodonta, 
may be found to characterize the entire sub-class, but this is not yet cer- 
tain; it is as follows: Tibio-astragalar articulation flat, and without 
groove or segment of pulley. 

This sub-class stands below the Lyencephaia in its position, approximat- 
ing the reptiles in the points above mentioned, more nearly than the latter 
do. It includes two orders, one ungulate, the Amblypoda, the other 
unguiculate, the Bunotheria.* To the former belong the sub-orders 
Pantodonta and Dinocerata ; to the latter the Creodonta and probably the 
Tillodonta and Teniodonta. Whether the Mesodonta belong to it is not 
certainly ascertained, while the Jnsectivora do not belong to it, as they are 
rightly placed in the sub class Lissencephala. 

Lartet first pointed out the fact of the successive increase in the size of 
the brain of the Mammalia with the advance of Geologic time ; and 
Marsh has stated that this increase is to be observed principally in the rel- 
ative size of the cerebral hemispheres. I would correct the latter state- 
ment so far as to add, that the increase of size is to be seen in the 
cerebellum as much as in the hemisphere. It is also evident that 
the relative decrease is in the middle-brain and olfactory lobes. 


Explanation of Plates. 


Pl. I, Cast of brain cavity of Coryphodon elephantopus, two-thirds the 
natural size. The right bulbus of the olfactory lobe is probably too large 
above, owing to the want of preservation of the superior wall of the cavity. 

Fig. 1. Superior view ; fig. 2, the left side; t. base of the trigeminus 
nerve. 

Pl. Il. The same. Fig. 1, from below; fig. 2, posterior; fig. 3, anterior 
views. t. base of the trigeminus nerve; md. base of the mandibular 
branch of the trigeminus ; p, ribs continuous with anterior pyramids. 


‘See Proceedings Academy Natural Sciences of Philadelphia, 1876, p. S&. 
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Contribution to Paleontology from the Museum of the Second Geological 
Survey of Pennsylwania. 


By CHar.es E. HAL. 
(Read before the American Philosophical Society April 6, 1877.) 
GENvus EURYPTERUS. 

Eurypterus ; Dekay, Annals of the Lyceum of Natural History of New 
York, 1825, Vol. I, p. 375. 

The geological horizon of Eurypterus has heretofore been confined to 
the Water-lime group, in the United States, although the genus has been 
recently discovered in the English coal measures. 

The position of the Water-lime group is between the Onondaga salt 
group and the Lower Helderberg group, therefore Upper Silurian. 

The Water-lime group in Pennsylvania is lithologically well defined, 
but has not yet, to my knowledge, furnished a single specimen of crus- 
tacea. In New York the group is characterized by the crustaceans 
Eurypterus, Pterigotus and Ceratiocaris.* 


BERNICIAN. 
Eurypterus Pennsylvanicus (provisional. n. sp.) 


In the collection of 1874, made under the direction of Mr. J. F. Carll, 
in Venango County, Pa., a perfect but indistinct carapace of an Eurypterus 
was found by his assistant Mr. Hatch. 

The specimen agrees in general with Eurypterus remipes of the Water- 
lime. 

Position and locality, in sandy shale overlying a sandstone, which is 
equivalent to the Garland Conglomerate, at Rooker Farm, Venango Co. 
Pa. 

The horizon is in the transition series between the base of the Carbon- 
iferous and the top of the Devonian. 


CARBONIFEROUS. 
GENus EURYPTERUS. 
Sub-genus Dolichopterus. 
Dolichopterus Mansfieldi. (n. sp.) 


Carapace semioral, wider than long, indented line visible along the 
anterior margin, lateral margins nearly straight for one-fourth the length, 
then evenly rounded ; eyes prominent, kidney-form, situated a little for- 
ward of the centre of the carapace and about midway between a medial 
line and the lateral margins. 

Body convex, the middle of the thorax slightly wider than the carapace, 
length of the joints increasing towards the terminal spine-like prolongation. 


* See N. Y. Palweontology, Vol. IIT. 
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Entire surface covered by small, triangular, imbricating scales, decreas- 
ing in size towards the lateral margins ; along the anterior portion of the 
carapace the scales are not visible. The paletti (one of which is pre 
served) long and narrow, being nearly twice as long as wide, and has the 
characteristic serrated margin, which is the principal distinguishing 
feature in the sub-genus. Length of specimen, without terminal joint, 
two and three-fourths inches ; greatest breadth seven-eighths of an inch. 

Position and locality. Found in the shale immediately below the Dar- 
lington cannel coal, near Cannelton, Darlington Township, Beaver Co. 
Pennsylvania. Horizon, Alleghany River Series. 

We are indebted to Mr. 8. F. Mansfield, of Cannelton, for this beautiful 
specimen, and after whom we deem it proper to name the species. 


On the Relative Ages of the Sun and certain of the Fixed Stars. 
By Proressor DANIEL KrRKWOOD, OF INDIANA UNIVERSITY. 


(Read before the American Philosophical Society, Aprii 6, 1877. ) 


The doctrine that the light and heat of the sun are produced by the chem- 
ical combination of its elements was very generally accepted till about the 
middle of the nineteenth century. It has, however, been completely dis- 
proved by the labors of Dr. Mayer and Sir William Thomson, The quan- 
tity of heat radiated by the sun in a given unit of time has been determined 
with approximate accuracy. The amount produced by the combustion of 
a given quantity of coal is also known. From these data it is easily shown 
that if the sun were a solid globe of coal, and a sufficient supply of oxygen 
were furnished to support its combustion, the amount of heat resulting 
from its consumption would be less than that actually emitted within his 
toric times. ‘‘ Take (in mass equal to the sun’s mass) the most energetic 
chemicals known to us, and in the proper proportion for giving the great- 
est amount of heat by actual chemical combination ; and, so far as we yet 
know their properties, we cannot see the means of supplying the sun’s 
present waste for even 5,000 years.’’** The chemical theory is accordingly 
given up as wholly untenable. 

What then is the source of solar energy? To this interesting question, 
in the present state of our knowledge, but one reply is possible. The great 
law of the conservation of force—one of the most important discoveries in 
the history of physical science—points at once to a cause which is adequate 
both in mode and measure. Motion may be transformed into heat, and 
vice versa. The heat produced by the fall of a given quantity of matter 
upon the sun from the outer limits of the solar system would be 7,000 times 
greater than that resulting from the combustion of its own weight of coal. 
In the mechanical theory of solar energy, as advocated by Helmholtz and 


* Tait’s Recent Advances in Physical Science, <nd Fd. p. 152, 
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now generally accepted, the sun’s heat is produced by the falling together 
or condensation of the matter of which its mass is composed. But the rate 
of solar radiation and also the mechanical equivalent of heat are known. 
With these as data it may be easily calculated that a contraction of the 
sun’s radius amounting to one mile in 40 years would be sufficient to keep 
up the present supply of heat. At former epochs, when the volume was 
greater and the density less, a more rapid contraction was necessary to 
keep up the supply. If the sun, or rather the solar system originally 
existed as a nebulous mass, with a radius equal to half the distance of the 
nearest fixed stars, the total amount of heat generated by contracting to its 
present dimensions would have kept up a supply, equal to that now dis- 
pensed, for about 20 millions of years. This period, it will be observed, 
includes the entire physical history of the solar system, from Neptune down 
to Mercury. It must be liable however, to considerable uncertainty, as it 
assumes the radiation of heat to have been uniform. 

Before attempting a comparison between the ages of the sun and certain 
of the fixed stars it should be premised that from the epoch of incipient 
solidification, or rather of incipient transition from the gaseous to the liquid 
form, the quantity of motion in the contracting mass, and consequently the 
amount of radiant heat, must gradually diminish. Many of the nebule 
and some of the fixed stars have not reached this epoch ; while the sun, 61 
Cygni, and the companion of Sirius, as will be shown hereafter, have 
probably passed it. Our first comparison will be that of 


THE SuN AND ALPHA CENTAURI. 


The larger component of the double star Alpha Centauri is of the first 
magnitude ; the smaller one, of the second. The color of both has been 
described as dark orange. According to Hind,* the system completes a 
revolution about its centre of gravity in 85 years ; the mean distance between 
the components being 23.49 times the radius of the earth’s orbit—somewhat 
greater than the distance of Uranus from the sun. 

Of all the fixed stars whose distances have been measured, Alpha Centauri 
is the nearest to us. Its annual parallax is ,93;, ths of a second, which 
corresponds to a distance 7336-times that of Neptune from the sun: 
—so completely isolated in space is our planetary system. 

The apparent magnitude of Alpha Centauri is greater than that of any 
star in the Northern Hemisphere ; and of those South of the equator but 
visible in our latitude, Sirius alone surpasses it in splendor. Its mass is 
nearly the same with that of the sun ;+ while the intrinsic light and heat of 
the system are nearly three times greater. It may be inferred from these 
facts that the sun has probably passed the epoch of greatest heat, and that 
it is farther advanced in its physical history, or, in other words, is an older 
star, than Alpha Centauri. 


*Monthly Notices of the R. A. S.. for January, 1877. These elements differ 
materially from those previously found. 


+ Hind’s recent value is greater than the sun’s mass; all former estimates less. 
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61 CYGNI. 


The annual parallax of 61 Cygni is ,4f; ths of a second, which cor- 
responds to a distance 448,000 times that of the earth from the sun. The 
magnitudes of the components are 54 and 6; their distance from each other 
is 45 times the radius of the earth’s orbit ; their period, about 500 years ; 
and the sum of their masses, rather more than one third of the sun’s 
mass. They have the same color-—a golden yellow. 

The mass of the larger component of 61 Cygni may be taken at one fifth 
of the sun’s mass. According to the estimate of Sir William Herschel the 
light of an average star of the first magnitude is 50 times that of a star of 
the fifth, or about 75 times that of the larger component of 61 Cygni. The 
intrinsic light of the principal member of Alpha Centauri being twice 
that of the sun and 75 times that of A, 61 Cygni, we obtain the following 
relations ¢ 

Sun, A. 61 Cygni. 
Surface, (densities equal ?)..................... ‘ 1 
MD cinstadis stccserssccseyece pnddocseshbiandsiionay acess 1 
Intrinsic light 94 1. 


These numbers seem to indicate that 61 Cygni is farther advanced than 
the sun in its physical history. 


SIRIvs. 


‘* Tt has been long acknowledged,’’says Humboldt, ‘‘ that of all the bright- 
est luminous fixed stars of heaven, Sirius takes the first and most important 
place, no less in a chronological point of view, than through its historical 
association with the earliest development of human civilization in the val- 
ley of the Nile.’’ The recent discovery of its binary character, together 
with the determination of its parallax, mass, motion, and constituent ele- 
ments, have greatly enhanced the interest with which this star is regarded 
by the scientific public. From the meridian altitudes of Sirius, as observed 
by Sir Thomas Maclear, at the Cape of Good Hope during the years 1836 
and 1837, Dr. Gylden, of Pulkowa, has found its annual parallax to be +5 
ths of a second, which corresponds to a distance 1,068,700 times that 
of the sun from the earth. The light of this star is therefore 16 years in 
reaching us. 

The orbit of this binary system has been computed by Dr. Auwers, who 
finds the period of revolution to be 49 years and 146 days ; the semi-axis 
major, 37 times the distance of the earth from the sun; and the eccentricity, 
0.6148,—somewhat greater than that of Fays’s comet. The mass of the 
companion is half that of the principal star ; or more accurately, the mass 
of Sirius is 13.76, and that of the telescopic star, 6.71, the mass of the sun 
being unity. According to the photometrical experiments of Sir John 
Herschel, the light received from Sirius exceeds that of Alpha Centauri in 
the ratio of 25 to 6. Comparing, therefore, the distances of the two stars, 
we find the intrinsic light of Sirius to be 93 times that of Alpha Centauri, 
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or 279 times that of the sun. The relative quantity of heat emitted by the 
different bodies may be assumed to have the same ratio. 

But while the mass and distance of Sirius have been ascertained within 
moderate limits of error, the degree of its condensation, as compared with 
that of the sun, is still undetermined. On the hypothesis of equal density 
the light emitted from the sun would be but ;y th part of that radi- 
ated from an equal portion of the star’s surface. But, if equal areas of 
the two bodies afford equal quantities of light, then the volume of Sirius is 
4661 times that of the sun, and the mean density of the latter is 333 times 
that of the former. It seems probable, therefore, that the principal com- 
ponent has still chiefly, if not entirely, a gaseous constitution. 

As the light of Sirius, according to Sir John Herschel, is 324 times that 
of an average star of the sixth magnitude, and as the satellite discovered by 
Clarke is of the ninth or tenth magnitude, the light of the latter must be 
much less than one thousandth part of that received fromthe principal star. 
But according to Auwers the mass of the less component is equal to half 
that of the greater. Is it possible to explain these remarkable facts on the 
theory that the two bodies had a simultaneous origin in the same nebula, 
or has their present proximity resulted from the proper motions of two orig- 
inally independent stars? 

The conclusions apparently sustained by the facts here considered may be 
summarized as follows : 

(1.) The history of the solar system is comprised within twenty or thirty 
millions of years. 

(2.) From the fact of the larger component of Alpha Centauri radiates 
twice as much light as the sun while the mass of the former is /ess than 
that of the latter, we infer the probability that our solar system is the more 
advanced in its physical history. 

(3.) 61 Cygni seems to have reached a greater degree of condensation 
than the sun, since, on the hypothesis of equal density, the surface of the 
larger member is one third that of the sun, while the intrinsic light is less 
than one ninth. 

(4.) The companion of Sirius appears to have reached a stage of greater 
maturity than the sun, while the contrary seems to be true in regard to the 
principal star. 

BLOOMINGTON, INDIANA, March 26, 1877. 
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THE TIMUCUA LANGUAGE. 
By ALBERT 8S. GATSCHET. 


(Read before the American Philosophical Society, April 6, 1877.) 


The science of linguistics, glottics, or as it was at first called, of compar- 
ative philology, is of very recent date. Classical antiquity ignored it and 
it became a science only through the introduction of Sanscrit into the cir- 
cle of those time-honored languages, of which the study was considered of 
importance. Modern geography, history, archeology and ethnology then 
availed themselves conscientiously and with signal success of this new 
help. One of the greatest triumphs obtained by linguistics is the disclosure 
of the primordial social state of the Semitic race and of our remotest Indo- 
European ancestors. Undoubtedly the antiquity of the two American con- 
tinents could be disclosed by zealous scientists in the same manner, that is, 
by comparative researches on their languages, if reliable material is pre 
viously collected to a sufficient amount, so that the linguist can light his 
torch and proceed smoothly along the ethnological pathway of inquiry. 

To similar researches I intend to furnish a small contribution by pub- 
lishing some notices on the Timucua language, which is perhaps that idiom 
spoken within the present boundary of the Union in which the oldest 
writings of some extent have been published. Asa nation, the Floridian 
Timucuas are now extinct, but their idiom is preserved in a shape which 
promises the possibility of its total restoration 


HISTORICAL AND ETHNOLOGICAL REMARKS. 


At the time of its discovery the Floridian peninsula was inhabited by 
four principal and a number of minor nations, engaged in continual war 
fare among themselves. The Apalaches dwelt from the Suwannee River 
down to Tampa Bay ; the southwestern coast was held by the ferocious 
Colusas, the southeastern parts and the Bahama Islands by the Tegestas, 
while nations speaking Timucua dialects extended from the neighborhood 
of Cape Cafiaveral to the mouth of St. John’s River and occupied many 
regions of the interior. 

To avoid errors we must carefully distinguish between the three areas of 
territory to which the name Timucua is at present applied. 

First, we have the area of the original Timucua tribe and of its dialect, 
around San Augustine. It is called by the early writers ‘‘ Provincia timu- 
quana.”’ 

Secondly, we have the area of a commonwealth of vassal-chiefs central- 
ized under one monarch, of which the above Timucua tribe formed a por- 
tion, and was probably its most powerful part. For want of another his- 
torical or more comprehensive name this oligarchic commonwealth or 
monarchy was called by the same name of Timucua. 

Thirdly, we have the area of the language stock, to which the dialect of 
the Timucua tribe belonged. This area has probably extended far beyond 
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the limits of the Timucua monarchy, but at the present time it is not pos- 
sible to state its domain even by a rough approximation. 

The name is written by the Spanish chroniclers Timagoa, Timuca, Ti- 
mucua, Timuaca; by French authors Thimagona; by the English Tomoco, 
Atimuca, and contains the word atimoqua, which occurs in Pareja’s books, 
f. i. in the Confessionario, on page 205, meaning lord, ruler. 

In the sixteenth century the native population of northeastern Florida 
was governed by small chiefs, each of them ruling with absolute power 
over one or a few settlements laid out in the shape of corrals. These dim- 
inutive princes (or olata, holata) depended from a monarch in the same 
manner as the vassals of mediseval times depended of their suzerain or liege 
lord. To judge from the numerous revolts against their supremacy, the 
rule of the Timucua suzerain must have been rather despotic and arbi- 
trary. His title was Paracussi, and, when spoken of in his quality as war- 
chief, Urriparacussi, uwrri or iri meaning war. His residence on Lake 
George seems to have been stationary ; the name given for it by the 
chroniclers, Utina or Utinama, simply means ‘‘my country,’’ and when 
used for the King himself it is abbreviated from Paracussi Utina. 

We are informed by Barcia (H#nsayo, page 48) that at the time of Réné 
Laudonniére’s expedition, in 1564, forty vassal-chiefs obeyed the commands 
of this ruler. The tribe or province of the Timagoa was then governed 
by the Cacique Mollave, and the natives represented his territory to be rich 
in precious metals. Molave was the vassal of a mighty king, of whose 
real name we are not apprized, though his title is given as Olata Otina, in 
Spanish ‘‘ Sefior de muchos Sefiores.’’ This monarch wielded his sceptre 
over forty sub-chiefs, and the names of the most powerful of them are 
given as Chadeca, Chililo, Echonobio, Enacapen, Calanio, Anachatagua, 
Uvitaque, Aequeya, Mocogo. A chief named Potano-u was then rebelling 
against the Olata Otina, who was himself warring against another mon- 
arch, Soturiba, the commander of thirty caciques or sub-chiefs, and was 
forced by him to a disastrous and sudden retreat. 

The following local names were collected from various sources and 
though I cannot vouch for the correctness of their orthography, I believe 
all of them contain words from the Timucua language: Jtara, Potano, 
Cholupaha, Caliquen, Napetuca, Hapaluya, Azille (Ausile), Salamototo, 
Ajohicn, Tarahica, Alachua (Lachua) ; and two river names: Aguila 
(reed, vine), Ajano hibita chirico (river of small acorns). Father Fy. Par- 
eja quotes the provinces of Mocama, Itafi, Timucua, Potano and the 
‘** Fresh-water-District.’’ The westernmost town of the Timucua on the 
border of the Apalache country is given as Astbe, the easternmost of the 
Apalaches being [bitachuco. 

While it is difficult or impossible for topographers of our time to locate 
on our present maps most of the Floridian places mentioned in the six- 
teenth and seventeenth centuries, it is on the other side apparent that many 
local names surviving at the present time are of Indian origin, and that 
after obtaining a sufficient knowledge of the Timucua tongue we will be 
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enabled to trace the outlines of its ancient area through a careful analysis 
of these geographical terms. 

Like the other Floridians, the Timucua were a people of large bodily 
proportions, lighter complexioned in the North, darker in the South, but 
exhibiting throughout that peculiar admixture to their cinnamon hue, 
which is called olivatre by the French. For their subsistence they did not 
rely merely on the abundance of fish, eels and turtles, which peopled their 
rivers, ponds and lakes, but they also sowed the fields and hunted all sorts 
of game. Like other Indians they were addicted to polygamy, gross sen- 
suality, sorcery and other superstitious practices, of which Pareja’s books 
afford many curious examples. The population was divided in two por- 
tions, separated from each other in the strictest manner ; the nodility, all 
of whose numerous pedigrees traced their origin to the sacred persons of 
the actual monarch or his predecessors, and the common people, which also 
preserved with piety the memory of its ancestors by long genealogical reg- 
isters. No doubt an aristocratic spirit pervaded the civil and political 
institutions of these tribes, and if from this we are allowed to draw any 
conclusion referring to their antiquity, it would tend towards establishing 
a very protracted residence of the Timucua in these same regions, where 
the European explorers discovered them, and a comparative isolation and 
non-intercourse with surrounding nations. 

For further ethnological information I refer to Dr. Dan. G. Brinton’s 
**Notes on the Floridian Peninsula, its literary history, Indian tribes and 
antiquities, Phila. 1859,’’ as well as to the writers on the ancient history of 
the country, as Basanier, Barcia, Bristock, Fontanedo, Herrera, Roberts, 
etc., and to the three chroniclers of the illustrious expedition of Hernando 
de Soto (1589—1543). 

Only two writers are known to have composed books in the Timucua 
language ; the priest Gregorio de Mouilla (of Mobile?) whose Doctrina 
Christiana is probably lost now, and the Franciscan Padre Francesco 
Pareja. Born at Aufion, in the Spanish diocese of Toledo, Pareja was with 
eleven other priests commissioned to Florida by the ‘‘ Royal Council of the 
Indies,’’ arrived there in 1594, converted many of the natives and founded 
the monastery (custodia) of Franciscans at St. Helena, 12 leagues North of 
San Augustine. In 1610 he removed to the city of Mexicu, wrote a series 
of books, all of which were printed in Mexico, and died there January 25, 
1628. « Of his Grammar (Arte) and Dictionary (Bocabulario) of the Timu- 
cua and of some minor religious tracts in this language no copy is known 
to exist at present in any library, though some may turn up some time in 
Spain or in the Mexican States. I derived my information from two origi- 
nal Catechisms, bound in one volume, and from a Confessionario of Pareja, 
printed 1612 and 1613 in 16mo. and brought from Spain to New York by 
Mr. Buckingham Smith, once Secretary of the American Legation at the 
Court of Madrid. So careless and unreliable is the orthography of these 
texts and of the Spanish version standing opposite, that doubts arise 
whether Pareja himself, who, according to Hervas, lived at Mexico when 
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his writings were printed there, corrected and revised the proof sheets. 
The Spanish version is neither verbal nor faithful, often half, often 
twice as long as the Timucua text, and very frequently misleads the studi- 
ous reader. Hence the utmost caution must be used in making researches 
on the idiom. 

In spite of all these imperfections, Pareja’s volumes are the most pre- 
cious relics of Floridian antiquity. The texts often make two vocables out 
of one, or erroneously combine two distinct ones into one; but soon the 
student becomes accustomed to this caprice and enabled to righten the or- 
thography himself. The books and titles are minutely described by Mr. 
B. Smith in New York Historical Magazine, 1858 and 1860, and on page 
3, of the volume of 1858 he gives also some eighty Timucua words, mainly 
from the Confessionario, with their meanings. For the correctness of 
some of them I am unable to vouch. The Tingua language mentioned by 
Ludewig (Literature of Am. L.), is a blunder, instead of the correct form 
Timuqua. 


PHONETIC ELEMENTS. 


Timucua syllables are composed from single phonetic elements with re- 
markable simplicity. They either consist of a vowel only or more generally 
of a consonant followed by a vowel, and syllables terminating in an 8, a nasal 
or other consonant are of rare occurrence (hibuasta, manta). The language 
has a quite numerous and complete series of sounds, and since Pareja does 
not use any diacritical marks on his Spanish letters, we might infer that it 
had about as many sounds as the Spanish alphabet, omitting the U/, 2, z 
and j. Dandy are scarce and of diphthongs none existed, excepting per- 
haps au. The / probably remained silent in most words where we find it, 
and stands there only to indicate hiatus of two vowels: lehaue for le-aue, 
bohono for bo-ono, and was equally silent at the beginning of words : 
habosota ; hachibono (frequently written achibono). There was only one 
palatal ch (our tech) standing either for teh or for the sofier dsh. Qu or q is 
our k; the gu or English w, so frequently occurring in Indian languages 
transcribed by Spaniards, does not occur here. Unfortunately the ‘‘Arte’’ 
of Pareja, which alone could inform us of his mode of transliteration au- 
thentically, is lost, perhaps forever, but from what we have we may safely 
conclude that no clicks, very rough guttural sounds or jaw-breaking clus- 
ters of consonants entered into the structure of this remarkably sonorous 
idiom, which possessed the following twenty-one articulations : 


Vowels: u, 0, a, e@, i. 
Consonants: k, g, t, d, p, b, tech, f, h, y, s, v, m, n, r, 1. 


In vocalism the nearest approximation to Timucua is made by some 
Polynesian tongues, f.i., that of the Sandwich Islands, by the Matlaltzinca 
or Pirinda of Michoacan and by the Tonto, spoken on middle Gila River, 
Arizona. Perhaps one-third of all words begin with vowels. The most 
frequent initial consonants are k, n, m, p. R and some other consonants 
do not begin any words, and it is somewhat doubtful if this r is our rolling 
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r, for this sound is extremely rare in Indian languages.* Our sh and th 
are wanting, but the f, not frequent in America, occurs here and in the 
Chahta-Maskoki dialects, while Apalache shows no trace of it. (See 
specimen of this language in Historical Magazine of New York, 1860, page 
40.) Very few instances occur, where a consonant is geminated (ulipassa), 
but with vowels this is very common. The surd pronunciation of a vowel 
is not distinguished in the texts from the clear and nasal one, but it is na- 
tural to assume that some of the e’s were what the French call e muets. 
Nasalizing is sometimes indicated by a final n. 

The interchangeability of a class of consonants observed through all 
America is found also in Timucua and it would be singular indeed if we 
did not discover it in this peninsular idiom. The cause of this phenome- 
non must be sought for rather in the capacities of the auditory organ than 
in the structure of the vocal tube, we think. The following alternative 
processes are observed : 


6 and 2, mobicho, movicho ; balu, valu. 

5 and m, hachibueno, hachimueno. 

hand f, inthi, inifi. 

land r, oyolano, oyorano ; tchiri, tchale. 
tand d, manta, manda. 


Alternating vowels : 


ue and o hachibueno, hachibono. 


Pareja does not mark but exceptionally the emphasized syllable of a 
word, but we can safely assume that the accent rested on the radicai sylla- 
ble in words of three or less syllables, and that many particles were added 
enclitically to the words governing them, The elision of unaccented vow- 
els occurs at times and then causes two consonants to follow each other. 


INFLECTION. 


Timucua incorporates particles of relation to a large extent and has also 
reached a considerably high degree of polysynthetism. The differentiation 
between verb and noun is not so thorough as in the Indo-European tongues, 
and we find that many particles of relation occur in both classes of words. 
These latter particles are sufized to the radical syllable and prefixes are 
seldom found. Duplication of the root or of any other syllable is a rather 
uncommon means of grammatica! synthesis, neither is it of frequent use in 
any of the eastern languages of North America. 

The noun is inflected by means of postpositions and case-suffixes. The 
locative case is expressed by -mi: pahami, in the house, sometimes by -la : 
acotala, in the bed, or by -ma : mocama, in the sea. But this particle -ma is 
used to express the most diverse relations of the noun and also of the verb ; 
it does not only form plurals of substantives, but also possessive, dative, 
objective and other cases, and thus seems to be comparable in some respects 


*Isit the sound kh, the Greek X, which Spanish grammars of American lan- 
guages render so often by R? 
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to the ubiquitous article-pronoun of the Chahta language. Frequently 
other postpositionsare placed between -ma and the word-stem, or after -ma 
as final syllables. 

Other postpositions frequently occurring in the Timucua noun are : -co, 
-coco, -ke, -la, -le, -leta; -leke (-leqe), -ni, -no, -si, -80, -ta, -te, -ti, etc. 

The demonstrative particle na is employed in many different ways. 
When placed before the noun, it serves as a definite article ; when suffixed 
to it is the possessive pronoun ‘‘ my, mine.’’ Owing to the indistinct pronun- 
ciation of unaccented vowels, which we observe sometimes in Pareja’s texts, 
ma appears also under the shape of ne, nu; na enters into the compo- 
sition of the pronoun ano, ‘‘ somebody, something, some one, one.’’ Ni in 
ni sikisama means ‘‘me ;”’ these words signify my father, and a literal 
translation would render them by ‘‘the one, who procreated me.”’ Ki is 
here the radicalsyllable In his Catechism, page 18, Pareja gives the series 
of ordinal numbers which unfortunately runs no further than to seven : Na 
is prefixed to each of them as the definite article, and the ending-mima is 
the possessive pronoun of the third person singular: his, her, its. 


Cardinals : Ordinals: 


mine 1 minecotamano, kibema 
yucha 2 na yuchamima 

hapu 3 na hapumima 
cheketa 4 na cheketamima 
marua 5 na maruamima 
mareka 6 na marekamima 
pikicha 7 na pikichamima 
piginahu 8 na piqinahumima 
peqechegeta 9 na peqecheqetamima 
tuma 10 ha tumamima 
yahagala 11 

iuchaagala 12 

hapuangala 13 

chequetangala 14 

ero tuma yucho 21 

tuma hapu 30 

tumacheqgetama 40 

itumacheqetoge marua 45 

ero chupiaco iuchaagala 12,000 


In this series many terms are ending in -a ; four is formed from two, cha, 
che appearing in both, and ke in ‘‘four’’ being an additive particle ‘‘to- 
gether.’’ We cannot decide as yet if the series is based on the quinary or 
simply on the decimal system of counting. 

We often find appended to nouns, especially to substantives borrowed 
from the Spanish, the suffix-mueno, -mano. Mueno means ‘‘ the name,’’ 
or ‘‘ to name, to call’’ and composes terms like muenslete is called, haché- 
buena, hachimueno ‘‘ which thing? which? what?’’ (literally: which 
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name?) In the Spanish word fémonoit means : the so called faith, in gato- 
mano the so called cat. 

The termination -male serves to designate two members of a family equi- 
distant in their relationship or consanguinity, f. i., father and son, grand- 
grand-father and grand-grand-child etc. The former two are called iti- 
male, the latter muulmale ; but if the grand-grand son is mentioned before 
the grand-grand-father, another term, kisitomale, will be employed. Uncle 
and nephew is itelemale, nephew and uncle, however, are called kiemale. 
It will be difficult to find any other language on the face of the globe, even 
in America, where the degrees of relationship are distinguished with such 
extreme accuracy. 

In a community with so aristocratic forms as that of the Timucua we 
must expect to meet with a number of reverential endings appended to 
nouns and verbs, which were used in addressing persons who commanded 
respect through their position : kings, chiefs, governors, parents, friends, 
matrons, etc. They are extremely frequent in the idioms of the Mexican 
States. 

A demonstrative pronoun cq@ki occurs in very different forms (cu, cage, 
caqui, etc.), and answers to our that and to the personal pronoun he, she, 
it, Connected with the prefix o it occurs as oque, oge, and its plural forms 
are care, carema, oquere, oquare. Etymologically connected with it is the 
demonstrative particle -co, frequently redoubled to coco and appended to 
substantives and adjectives. Acu, ico means every one, all; ano paracust 
olata ico, lit. ‘‘one king of all chiefs,’’ was the official title of the Timucua 
monarch or head-centre. 

When standing at the end of the sentence, as in questions, ‘‘ thow’’ is 
expressed by cho, otherwise by chi, and in locutions like ché isucu? are 
you a herb-doctor? it replaces at the same time our substantive verb to be, 
of which all American languages are deficient. Itimi isomikene chi nahe? 
Have you father and mother? Anoco orobasobi cho? Did you bewitch 
anybody? The former sentence shows the use of the postposition ke, 
which in fact answers to our ‘‘and,’’ but really signifies ‘“‘ together, along 
with,’’ thus fulfilling the function of one of our prepositions. 

The interrogative pronoun or particle who? what? which? cha? acha? 
hacha? appears chiefly in compounds, formed with different parts of speech. 
Most frequently the particle ke just spoken of is connected with it. 

hacha chi mueno? which is thy name? 

chanco (contracted from chanaco) ? whence? wherefrom ? 

hachamueno (see supra). 

hachakene? which? and which? and what? 

hachakenenco, hachakenike? and why? 

hachakenta, hachakentana? how? how then? and how? 
in which manner? 

Verbs are derived in various ways from substantives, adjectives, or from 
other verbs. Some of the principal derivational endings, particles or forms 
are as follows : 
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-lehaue forms causative verbs: ituhu to pray over, enchant, bewitch : 
ituhu-lehaue mobi cho? Did you order (the sorcerer) to pray over (some- 
thing)? 

letahaue involves the idea of duty, or obligation : bohono-letahaue must 
be believed ; yaleno-letahaue must be observed. 

-80,-sota,-sote intensify the meaning of the transitive verbal base to 
which they are appended and also form causative verbs: ituhusobi cho? 
did you really bewitch ? 

-manta means to desire, wish for ; incorporated into verbs it forms desid- 
erativa. 

Full paradigms of the verb cannot be given yet, but such elements of 
verbal conjugation which seem to be recurring in most verbs, are, when 
applied to the verb mo, to speak : 

nimola_ I speak. 

chi mo thou speakest. 
oque mo _ he, she speaks. 
ocare moke they speak. 
chi mobi thou didst speak. 
momate speaking. 

The particle or sign of the preterit is -bi-, -vi-. 

Some personal pronouns used here are similar in form to the posses- 
sives, which are not prefixed, but constantly suffixed to nouns : 

itina my father. 

itaye thy father. 
itimima his, her father. 
itinica our father. 
itayake your father. 
itimitilama their father. 

To this table must be added a variety of inclusive, exclusive and dual 
forms for the first person of the plural : 

our father : itinicale, itinicano, itimile, heca itimile, heca itinica. 

Adjectives, when used in an attributive and not in a predicative sense, 
are placed after the substantive which they qualify. The direct and the 
indirect object of the verb is very frequently placed at the head of the sen- 
tence. 

SELECTED TEXTS. 

To enable students of American languages to judge for themselves of 
the nature of Timucua, I insert a series of texts which I have taken from 
the most interesting parts, linguistically and ethnologically considered, of 
those writings of Pareja which I have had the good fortune to consult. To 
one series of questions I add the Spanish version of the original, to the 
others the English translation of the Spanish version. 

For the old-fashioned, initial y of the Spanish and Timucua text I have 
substituted the ¢, to which it is equivalent. 

Terms of kinship and genealogies. 

Pareja gives several series of terms used in his time for the pedigrees and 

eastes of the nobility and the people, which evidently are of totemic origin ; 
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of terms for the degrees of relationship by consanguinity and by marriage, 
some of them used by men, others by women only, or by both sexes indis- 
criminately. The following is the most interesting of these pieces from a 
purely linguistic standpoint and I give it in the original Spanish. These 
terms were used by both sexes, as Pareja remarks. 


(From the first Catechism ; pages not numbered.) 


Los que son naturales, 6 de una tierra, Uti nocoromale. Los que son de 
un pueblo Hica nocoromale. Los que son de una casa Paha nocoronomale. 
Somos de un pueblo Hica niahobale, 6: Somos de una casa todos Hica 
nicorobale, paha niocoralebale. Somos de un linaje, 6 casta, 6 generacion 
Anoquelu niyahobale. Sois de un linaje, 6 generacion, 6 estirpe Anoquela 
chiyahobale. Son de un linaje, 6 casta, 6 generacion Anoguela yahomale. 
De que linaje eres? Anoquela chichaque ne? Quienes son tus parientes, 
6 parientas? ano chichaquene chitaco chiano mi? 6: chitaco anoya? Pari- 
entes y parientas, y hermanos y hermanas se dizen entre si: Ano virona, 
6: elapachana. Hermanos, hermanas, parientes y parientas se dizen 
Anoniamale, 6: elapachamale; Elapacha es: comun parentesco: y estos 
tambien son comunes : Anomalema, 6 : ano oquomi, 6: ano oquo malema. 
Viudo, viuda : “dua, llamado por sus parientes 6 parientas solamente, 

Todos los que descienden de los linajes que se tienen por parientes se lla- 
man todos estos descendientes, ocorotasigino. Pero todos los que descien- 
den de un linaje, y parentela, se llaman sigita pahana. Y esta descenden- 
cia ha de ser por linea de varon ; por que si es por linea de muger, se Lla- 
man anoqguelama 6 Anona ; parentesco de lejos ucucanimi. Amo, senor 
y basallo, esclavo ; yamo yesclava ; y amo y criado y criada: Anocomale- 
ma, Amo y criado, y amo y basallo: Anoqguelamalema 6: anopequata- 
male, Sefior y esclavo; y esclava y esclavo ; y esclava y senor: Alemale- 
ma. De modo que si se pone primero el amo diremos: amo y criado, y 
si se pone el criado antes quera dezir criado y amo, y assi de todos los de- 
mas que quedan dichos, y se hallaren de estos generos. 


On the nativity of Christ. 


Doctr. Christ. p. 24. 


Para que mas se hizo hombre? Acuyano hachaquenenco bueta ca- 
qua taanolebi? 

Para que mas se hizo hombre? Acuyano hachaquene caqua taano- 
lebi? 

Pues para que se hizo Dios hom- Hachaquenige Diosimano caque 

bre? taanolebi? 

Como puede nacer de Madre Vir- Isomima aquitasige lenima hacha- 

gen? quentana aruquilehe? 

Sobrenatural y milagrosamente. Inino lebima tana inibitileta hiquo 
timonococoleta hachiti moponta siqi- 
tantela ha. 

Y su Madre, Sancta Maria, vivid Mine isomimano, Santa Maria mu- 
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despues siempre Virgen? enoma, etabualunimate nanemi aquis- 
atique cumenu yaqualebi? 

O, nanemi aquita cumenu yaqua hi 
buabila. 

The following interrogatories mainly refer to the SUPERSTITIONS, vices 
and heathen practices of the natives, whom the Spanish priests had come 
to reform and civilize ; they are of uncommon interest to the investigator 
of American ethnology. 


Si, perpetuamente fue Virgen. 


Questions addressed to Chiefs and Governors. 
(Confessionario, pages 127, 128, 129.) 


When intending to join a hunt- Emiso haueleta hinino ituhusobi 


ing party, did you order prayers to 
be said over the tobacco beforehand *% 

On arriving on the mountain, did 
you order to lay the arrows together 
and let the conjuror say prayers over 
them for your benefit? 

Did you say that the first deer 
killed should 
juror? 

Did you order that over the 
prayers should be recited before 
ing in it? 

In the same manner, did you or- 
der that of the fish caught for the 
purpose of eating, the conjuror should 
get one-half, after having prayed 
over them? 

The first fish caught did you or- 
der prayers to be said over it and then 
to throw it into the provision-house 
(barbacoa) ? 

Did you before tilling the field re- 
cite the ancient ceremony to the 
conjuror? 

Did you [think it sinful not to] 
pray over the first maize of the crop? 

The first time when the corn-crib 
was opened, did you make any flour 
for food? and after pounding flour 
did you pray over it? 

In gathering chestnuts and pal- 
metto berries, did you perform with 
the laurel and while praying, the ce- 
remony which had come out of use 
(que solia deshazer) ? 


belong to the con- 


lake 
fish- 


cho? 


Hurima minonomano atuluma ho- 
rocoge naribama ituhuaue mobi cho? 


Honoso nihe qibema itufama ho 
nomi-lehauele mobi cho? 


Camapatama hibinoma ituhu chi 
caqe quelano-lehaue mobi cho? 


Acuqueleta hiquinomano ituhuso- 
ta cuyumono itufama isagita ohono 
lehaue mobi cho? 


Cuyupona gibema inti uquata itu- 
huta oquono-lehauele mobi cho? 


Pile pulunu-lehauema ituhusuta 
hibuata bechata pulubi cho? 

Tapolabaca ituhusuta 
hebi cho? 

Abopaha falino qibema ipita huyo- 
sota ituhutagere hebi cho? 


qibema 


Afataco si apuco quenema hebeta 
nali qui iribosota ituhusobi cho ? 
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Did you say: ‘‘I shall not eat any Aya honoma ituhunulege hehani- 
mountain fruit, unless prayer be of- manda hanibi cho? 
fered over it’’? 

Did you wish to eat any other fruit, 
over which prayers had been offered 
first ? 

From these curious questions directed to the principal men of the tribe, 
it appears that one of the duties incumbent to a chief was the superintend- 
ing of the ceremonies of incantation through the conjuror or prophet. Evi- 
dently these prayers and ceremonies were intended to consecrate natural 
objects, which formerly had been profane, for men’s use, and at the same 
time to propitiate the Divinity in favor of those using them. 


Calamagibe ituhunulege hehani 


manibi cho? 


Questions directed to Rural Laborers. 
(Confessionario, page 129 recto). 
uquabi 


Did you not eat the first maize of Hulubota gibinoma inti 


the crop? 

Did you not eat the maize of the 
newly broken field (de la roga nue- 
va)? 

When the owl was crying did you 
believe that it would have mercy on 
you? 

When the woodpeckers sang, did 
you say you would not utter any 
ery, because it would cause you to 
bleed from the nose ? 

When the owl or red ow] was cry 
ing, did you say: ‘‘ Do not interrupt 
it, for it would cause you mischief? ”’ 

In winter time did you [think it 
sinful to] eat the small partridge 
(la gallina pequefia) ? 


cho? 
Abara elema ecano qgibema 
uquabi cho? 


inti 


Hitiqirima hebuatage hoba nime- 
labonihaue mota bohota mosobi cho ? 


Tiniboma hebuatage iquasetiquan- 
ichinima isitocobile bohota mocobi 


cho? 


Atofa hororequene hebatage nani- 
beti, queni intila mobi cho? 


Caya-ule-i chira na minama inti 
uquabicho? (words in [ ] not in 
Timucva text). 


Questions to Hunters. 


(Confessionario, page 129). 


When a [young] deer was bleat- 
ing, did you say : ‘‘If I do not take 
any herbs into my nostrils they will 
be shaken up,”’ and if in this thought 
you have sneezed and returned 
home, did you bathe in the juice of 
the herb? and have you believed 
that when omitting this you would 
certainly die ? 


Honoso hebasi, habeleta itorita 
chininipe lotahaue manda, niyefela 
tasamota niyena haquista, paha po- 
nonomate samota quosobi cho? no- 
comi nini habela manda bohobi cho? 
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Did you say or perform any cere- 
monies for the chase by kicking 
with the feet (armando la coz), and 
did you stop eating of the game 
which you had killed, believing that 
you would then kill no further game ? 

Did you forbid that the liver and 
lungs of the game should be thrown 
in cold water to cook them, because 
you could then shoot no further 
game ? 

Having pierced the game with ar- 
rows without killing it, did you or- 
der prayers to be said over an arrow, 
believing that with the next shot the 
game would die? 

The sauce (caldo) of the game or 
of the partridge, did you prevent its 
spilling because the lasso would not 
catch then any more of them ? 
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Uquestanaye, hachicaresta isota 
mosobi cho, honoso ilifotanaye, inti- 
quata hehanano ni ilifohaueti manta 
bohota mosobi cho ? 


Chofama pilenoma ibine ichicosa 
ecatiquani ilifogi tinibalusihabele 
mota mosobi cho? 


Baliteque atulu nalifochiqe, nihe- 
tileqe, atuluma ituhusota niyena mo- 
cosota, naipolotecata mosobi cho ? 


Neha ichuquininoleqe honoso- 
mate, cayamate quenequa uquesino- 
ma uba hauetila manda bohobi cho ? 


(Skipping a few questions on page 130 r. and verso on account of their 
great length, I continue with page 131 recto). 


Did you forbid going up to the 
corn-crib, unless prayers had been 
offered for it to the Spirit ? 

For seeking the turtle and catch- 
ing it did you pray ? 

In passing with the canoe a rock 
ledge (barra 6 vaya) and there being 
a surging of the sea, did you whistle 
at it for not getting upset? 

Did you whistle (or hiss) to the 
storm, thinking that it would cease 
then ? 

When you find yourself in similar 
distress, call the holy Name of Jesus, 
and Jesus will help you. 


Anomisonoma ituhutetima abopa- 
hama iquinole-hamonta inti uquata 
bohota mobi cho? 

Caramaba pilisota hiti hebuanoma 
ituhuta quosobi cho? 

Ibi abagalata nayeno ticoma pilu- 
abe tileqe ibinage elota piluhauetila 
manda bohota elofibi cho? 


Agetuge elotequahaniso hale man- 
da bohota elosibi cho? 


Naquentage entahanaye Jesus 
motabisato tachige chi ibalu hauele 
chilarahaue quenela. 


Superstitions concerning warfare. 


(Confessionario, page 131 r. and v.) 


When it was lightening did you 
forecast war? 

When going to war did you bathe 
yourself in the juice of certain herbs? 

[Know well, my son,] that al- 
though you bathe in or rub yourself 


Milicotage iri nabolotele manda 
bohota mosobi cho ? 

Irimi haueletaatulu ni iubue hau 
ele niye suquoniqi mobi cho? 

Naquostaniye, samota monoco- 
tacu Diosima manininco nacu atulu 
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with this weed, the arrow will never- 
theless transfix you if God does not 
guard you. 
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chi iubehe yanacu maha suquonina 
ticotacu Diosi manineco nacu atulu 
chi yubeheti quenela. 


Questions addressed to women. 


(Confessionario, page 132 v. 133 r.) 


Did you eat any fish or deer-meat 
during the catamenia ? 

A short time after confinement did 
you eat fish or such things? 

Shortly after the confinement did 
you make a new fire (candela)? Did 
you make any during the catamenia ? 

Anointing your own hair with 
bears’ grease (azeye de oso) did you 
think it sinful to eat fish for so and 
so many moons? 

Did you eat any coal, dirt, or bro- 
ken pottery, or fleas or lice? 


{ Do not eat coal nor dirt nor frag- 
ments of pottery, for] they make the 
person sick, and it is sinful on ac- 
count of the injury produced. 

After your husband had left you, 
did you bathe in the juice of herbs, 
thinking that he would then return 
to you? 

Did you say: tinge ye my palm. 
leaf hat with a certain herb (saumad 
me el guano con cierta yerba) and he 
will not desert me? 

And having tinged it, did you put 
on your petticoat? 

Did you think that in tinging 
your hat in that intention some- 
body would get enamored of you 
(se aficionara) ? 

Did you fast in this intention ? 

And thus you arrived with some- 
body almost at night time and you 
performed the ceremony as if for 
eating and drinking? 


Ibirita cuyumate honoso henomate 
quene inti uquabi cho? 

Eta baluta cuyuleqe hachibueno 
eyoleqe quenema inti uquabi cho? 

Eta baluta taca chale quosobi cho ? 
Ibirita taca chale cosobi cho? 


Ara uque naponaye cuyuhanta 
acuhiba meteta minoge henolebinco, 
hehanimota mosobi cho? 


Tacachuleheco, qisaleheco, ulipas- 
saleheco quenehata, ibiqitaleheco, 
hibeleco quenema iparubi cho? 

Nacare henomano inti lehe caqua 
atenaso, ninolege, ano iqilabosobige 
hecaqua atenasoninoma intele hani 
hache. 

Inifaye chi haniqe viromaqua ni- 
ponosihero manda, niye nisamoso- 
no-lehaue mota bohobi cho? 


Canima niye ni naquila sinolege 
utihanle mota bohobi cho? 


Cani meleninoma niye naquilano- 
lequemeleniqi mobi cho? 

Cani abinoma niye namocosono- 
lege abiqiti anoco ni homanisihaue 
manda bohota quosobi cho ? 


Na quostanayeno itoribi cho? 
Itoritequa ilaqiqe henomate pele- 
ta, ibinemate peleta quosobi cho? 


I do not pretend to have written all the words of these sentences and of 
the vocabulary, following hereafter, in a strictly correct manner, but cer- 
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tainly more correctly than they are found in the original. A good orthog- 
raphy cannot be established before the idiom is thoroughly understood. 

In studying and analyzing the words of Timucua, the same idea 
obtruded itself to me, which occurs so often to students of the South Afri- 
can and of some Western American languages : ‘‘ Are not all the words, even 
their radical syllables, built up of pronominal roots ?”’ 


WoRDs AND SENTENCES. 


I have placed here in alphabetical order some of the vocables, the mean- 
ing of which I have ascertained through careful comparisons of the pas- 
sages in which they occur. Some of the words which I have mentioned in 
the grammatical notices, the numerals, f. i., I have omitted in this table. 
abo maize, corn-plant. 

abopaha corn-crib, Span. garita. 
aboto stick, staff; to beat with a stick: anoco abotobi cho? did you 
beat somebody ? 
acu all, every ; acu caki all this, acu kelata in the same manner, exactly 
so. 
afata chestnut ; afataco hebeta for gathering chestnuts. 
aha acorn. 
apu grape of palmetto, palmetto-berries. 
aquita maid, aquitasige virgin, damsel. 
ara bear; ara-hasomi those forming the Bear-Pedigree. 
aruqui child, descendant 
cuyu-hasomi aroki descendants of the Fish-Pedigree or family of fish ; 
aruqui-lehe he was born. 
atofa owl. 
atulu arrow. 
balu, valu life; balu nenemi eternal life. 
eta baluta after a (recent) confinement. 
bohono to believe. 
caya chicken, partridge, turkey. 
camapata to fish ; c. ibinoma to fish in the lake or lagoon. 
coro the same ; uti nocoromale those belonging to the same country. 
cuyu fish. 
chebe to lose ; hachibueno chebeque, h. chebuamano something lost. 
chini nose, nostrils. 
chiri small, young. chirico’viro boy, son (lit. little man, young man) chirico 
nia daughter, both used only by their parents; chirima, amita chirico 
my youngest daughter. Related to chale new. 
chofa liver. 
chuca? how many times? (from cha, hacha? who? what? which?) 
eke, equela day. : 
hasomi lineage, pedigree. 
caya-hasomi chicken-pedigree. 
ara-hasomi Bears’ lineage. 
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hebua, hebuata word, saying; to speak, to emit voice,—hebuataque ti- 
niboma the woodpeckers sing (see : honoso). 
nurabuote a lie. 
heno to eat ; henomate ibinemate for eating and for drinking, chucaya ha- 
heno? how often did you eat? hehani manibi cho? did you wish to 
eat? 
hibe louse. 
hica settlement, town, village ; appears in Tarahica and some other local 
names mentioned above. 
hica nocoromale the citizens of the same town. 
hiyaraba American lion. 
holaba (also: tapolaba) maize, Indian corn ; holabaca qibema ituhubi cho? 
did ou pray over the first-grown maize? 
holata chief, holata aco, olata ico: all chiefs. 
honoso deer, antelope ; honoso hebasi when the deer is bleating. 
huta to cohabit ; niaco hutabi cho? did you cohabit with a woman? 
ibine water; pond, lake, sheet of water. 
hibita river. 
ibinese to bathe, 
inibiti (see below). 
hibua to rain. hibuabi cho? have you produced rain? did you cause 
it to rain? 
banino rainbow. 
ibirita to menstruate. 
mucu-bine tears (lit. eye-water). 
icasini to altercate, quarrel] ; anoco icasinibi cho? did you quarrel with 
some one ? 
ikeni to kill (probably a contraction from: ike nihi, to make die); anoco 
ikenibi cho? have you killed anybody ? 
inibitisote to drink to excess, to fill oneself with liquor ; see ibine. 
inihi consort, husband or wife. inihimale married couple. 
iri war, warfare, irimi haueleta for going to war ; iri-hibano war-council- 
lor; this caste were descendants of the Fish-family. 
urri-paracusi war-prince. 
isa mother. 
isu, isota herb, weed ; a plant, the juice of which was used for superstitious 
purposes. Nie chaqueneco isota with which herb? 
isucu, herb-doctor, 
isucu echa crazed, possessed by a demon. 
iti father; itimileno ‘‘our father’’ : spiritual father, monk, priest. 
itori late, posterior. 
itorimitono the last order of the second pedigree of Timucua nobility. 
itori to fast ; equelaco maha itorinoma the days of fasting. 
ituhu to pray, conjure, invoke, charm, bewitch ; ituhusobi cho? did you 
conjure or bewitch? did you say prayers over something ? 
itufa sorcerer, wizard, medicine-man. 
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ya, aya not, no; in yalacota misuse, abuse it has the meaning of our pre- 
fix: mis- 
kala fruit ; calama kibe the first fruits. 
kenele afterwards, subsequently, then. 
kibe first ; adv. firstly, at first. 
tapolabaca gibema the first maize of the crop ; hulubuta qibinoma the 
first maize. qibe ituhumulege over which a prayer has first been re- 
cited. 
kie child (used by men) ; kiena moso my first son, my first daughter. ki- 
ani cocoma my children of later birth. kimale son and father. 
kisa earth, ground, dirt. qisa iparabui cho? did you eat dirt? 
koso to make, produce ; taca chale cosobi cho? did you make a new coal- 
fire? 
lapuste, lapueste to require, ask for. 
mani to agree, consent ; anoco nihihero manibi cho? have you wished 
somebody’s death ? 
manta to desire, wish ; ni mantela I wish, chi mante you wish. 
mine prior, preceding, first; large, great. miso anteceding, older, pre- 
vious; ulena miso my child of first birth, eldest child (used by fe- 
males only). 
mo to say, speak ; to order, command. movi cho? mobi cho? hast thou 
ordered, or said? mote cho? do you consent? do you say so? 0, mo- 
tala! yes, I say so! 
mueno, mono name, to name. 
muenolete Diosima? is he called God ? 
hachimueno, hachabueno which thing? thing, object. 
visamano name. 
na kostanaye? in which manner? through which process? na quostana.- 
yeno by what intention? 
nayo white ; honoso nayo white deer. 
nanemi perpetual, eternal; adv. always; balunu nanemi nohohauela to 
give me eternal life. 
nasi son-in-law. 
nariba old (of persons). naribama ituhuaue mobi cho? did you order the 
old sorcerer to say his prayers ? 
nia woman, female (see pacano). 
nihi to die, expire ; honoso nihe qibema the first deer killed. 
nocomi true; nocomicoco manda with true desire ; Dios nocomi bohono. 
acoma to believe truly in God. 
nulasi to tickle. 
© yes, yea, certainly. 
obacha to kiss. 
orobo to advise? orobinibi cho? did you confess (in Church)? anoco oro- 
basobi cho? did you bewitch some one? na orobisionoma advices, 
counsels. 
pacano subsequent, second to. 
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nia pacano a spinster; pacanoka my second child (hijo, hija de en 
medio). viro pacano unmarried man. 
pequata vassal. 
pona to come ; ni ponala I come. 
ponachica? do you bring? (see: viro). 
soba meat; deer-meat. 
taca fire ; coal-fire ; taca chale new coal-fire (candela nueva in Span.) ; 
taca chu carbon, charcoal. 
tafi sister-in-law (used by men only); tafimitana, ni tafimitama the brother 
of my husband (used by women). 
tico canoe, boat ; ticopaha ship. 
tinibo woodpecker. 
ulipassa fragments of pottery (uli = Span. olla). 
uti earth, land, country ; uti-hasomi those forming the Earth-pedigree or 
Earth-Family, utina my country ; uti nocoromale the inhabitants 
of ONE country. 
viro man ; chiri viro boy, son; viroleqe uquata puenonicala, I brought 
here a male child. 


The Approaches to a Theory of the Cause of Magnetic Declination. 
By Persiror FRAZER, JR. 


(Read before the American Philosophical Society, April 6, 1877.) 


So many questions of historical, economical and scientific interest are 
bound up with the variation of the magnetic needle from the astronomical 
North, and the change in the rate and sign of this variation, that the fol- 
lowing remarks may be excused, even if they only succeed in impressing 
upon the imagination the immense amount of work which yet remains to 
be done. The best compendium of the history of the subject is con- 
tained in a prize essay on Terrestrial and Cosmical Magnetism by E. 
Walker, Cambridge (Eng.), 1866, while for particular discussions of spe- 
cial groups of observations, Sabine’s Secular Variations of the Magnetic 
Needle, in the Trans. of the Royal Society during the last five years ; Prof. 
A. D. Bache’s discussion of the magnetic elements, observed at Girard 
College during the years 1840-45 inclusive ; in Coast Survey Reports for 
for 1855, 1858, 1859, 1860 and 1862, and especially Mr. C. A. Schott’s la- 
bors on these and all other obtainable data in the United States, have been 
mainly drawn upon. Besides these, for general questions relating 
to the subject, Barlow’s treatise in the Encyclopedia Metropolitana ; 
Airy’s treatise on Magnetism, London, 1870; Numerical Relations of 
Gravity and Magnetism, by P. E. Chase, Trans. A. P. 8. 1864; Prof. 
Loomis’ collection of magnetic observations ; Silliman’s Journal, 1838 to 
1840 ; Reclus, Despretz, Becquerel, Humboldt, ‘‘ Magnetism,’’ by Sir W. 
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8. Harris and H. M. Noad, and ‘‘ Diurnal Variations of Declination,’’ by 
Wm. Norton, have been consulted. 

A large number of observations with their authorities will be found at 
the end of the Report of C. A. Schott in C. 8. Report for 1858. 


Resumé from Coast Survey Reports. 


In the C. 8. Report for 1855, p. 302, isa chapter by Prof. A. D. Bache, 
on the Magnetic Declination in the northern part of the Gulf of Mexico. The 
observed declinations are reduced to the common date of Jan. 1850, by an 
assumed annual decrease of 0/.5 E. declination from observations made at 
Pascagoula in 1847 and 1855. 

The equation representing the true declination with reference to the lati- 
tude L and the longitude M of any place, here follows : 
dV=v+xdL+ydM+z2dLdM-+ pdl?+ q dM 
dV = difference between the observed decl. and the assumed decl. V’ 

V = correction to the assumed V’ 

The solution of the conditional equation, for any latitude L and longi- 
tude M gives the following expression for V : 

dL = L — 28° .04. dM = M — 88° .69. 
V = 79.39 East—0.025 dL + 0.296 dM + 0.0188 dL dM—0.0094 dL?— 
0.0076 d M?. 

All the declinations being East are treated as essentially positive quanti- 
ties. 

The number of groups of stations selected was six, in order to solve the 
six unknown quantities in the first equation. 

There were the following number of stations in each group. The Ro- 
man numeral indicates the number of the group, and the Arabic numeral 
the number of stations : I, 1; II, 1; III, 4; IV, 4; V, 3; VI, 1. 

The average of the residual—(7. e. the difference between the observed 
and computed declinations)—was 0° 056 = 3/.3. 

For the observations in the general table, the form of the conditional 
equation is the same as above. 

V=V4ev4exX+yY¥4+2z2XVY+pxX'*+q ¥* 

The annual variations were an estimated approximation by mutual com- 
parison of the known values at Toronto and on the Atlantic coast. 

The origin of co-ordinates is assumed midway between lat. 48° 26’, long. 
70° 24’; and lat. 29° 07’, long. 83° 03’; the co-ordinates of position are ex- 
pressed in degrees and decimals and were graphically obtained by caretul 
plotting on a large scale. 

Mr. Chas. A. Schott in the same volume furnishes a discussion of the 
magnetic declination on the Atlantic and part of the Gulf coast (communi- 
cation to the American Association for the Advancement of Science, Ap- 
pendix 48 to Coast Survey Report for 1855,) of which the following are 
some of the points : 

Hausteen’s publication ‘‘ Investigations of the secular variation since the 
magnetic observations in Coast Survey Report of 1854,’’ gave a new im- 
pulse to these investigations. 
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Dr. Bowditch and Prof. Loomis were mainly instrumental in bringing 
this subject prominently to the notice of scientific men. 

Prof. Loomis gives (Silliman’s Journ. of Sci. and Arts 1840) the annual 
change of variation in 1840 as 2’ for the Southern States, 4' for the Middle 
and 6/ for the New England States. 

The essay is divided into: (a) Stations of reliable observations prior to 
1740 ; (b) Ditto after that time ; (c) Results from comparatively recent ob- 
servations ; (d) Establishment of formule expressing the secular variation 
within the limits indicated on the title page (7. e. the Atlantic and part of 
the Gulf coast). 

Under (a), Providence, R. I., Hatboro’, and Philadelphia, Penna., are se- 
lected. Thirty declinations collected by Mr. M. B. Lockwood from actual 
observations and recorded bearings of a number of objects, are considered. 
The formula employed is 

D=d,+ y(t—t) +2z(t—t,)? + u (t—t,)® + &e. 
Where y, z, u are unknown coefficients, and D =dwheret=t,. Put- 
ting d, == d, + x where x is a small correction to the assumed value of 
d, and omitting higher powers of the time, than the third 
D=d,+x-+y(t—t)+2z2(t—t+u(t—t,)*. 

Assuming for t, the commencement of any year and for d, the supposed 
corresponding declination (expressed in degrees and decimals) then each 
observed value for D at the time t furnishes the following conditional 
equation: 0=d,—D+4x+y(t—t) +2z(t—t,)’ + u(t—t,)®. 

From this by the application of least squares the normal equations and 
coefficients of x, y, z, u, are obtained. 

‘* The above formula is capable of giving two maxima and two minima, 
whereas the omission of the third power would give but a minimum. 
And this as we know from observation took place about the commencement 
of this century. %, is assumed as 1830 ;* and d, = + 7.20.”’ 

A table of thirty observations in Providence, R. I., is reduced in size by 
substituting a table of sixteen means, which here follow : 

1717 D= fb 9.60 | 1790 D=>=-+ 
1720 9.47 1800 25 
1730 8.92 1810 .40 


6° .18 

6 

6 
1740 8.28 1820 6 .66 

7 

8 

8 

9 


1750) 7.67 1830 .19 

760 6.99 1840 42 
1770 6.49 1842 65 
1780 6.27 I 1844-8 

Substituting in the above equations we have : 

0 = — 2.40 + x — 113 y + 12769 z — 1442897 u, 
and similarly for the other fifteen equations. 

Multiplying each of the sixteen equations by the coefficient of the first 
unknown quantity and adding them all up, we get the first of the normal 
equations, and the same operation performed for each unknown quantity 
will give the other normal equations. 


25 


* In the discussion of subsequent years this date was changed to 1850. 
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These would be as follows : 
O=—— 7.49+ 16 x— 736.2 y +- 63832 z— 5792927 u 
O= + 573.26— 736.2 x+ 63832 y + 5792927 z— 562891700 u 
0=— 79077 + 63832 x— 5792927 y + 562891700 z— 56610893300 u 
0 =-+8782402—5792927 x—562891700 y — 56610893300 z-+-5831932000000 u 

To facilitate reduction Mr. Schott assumes x = X, y — Y : 10?, z= Z: 10+, 
u=U: 10°. Dividing the first equation by 10°, the second by 10°, the 
third by 10‘, and the fourth by 10°, he obtains the modified normal equa 


— 7.4900 + 16.0000 X 7.38620 Y + 6.3832 Z — 5.7929 U 
+ 5.7326 — 7.3620 X 6.3832 Y — 5.7929 Z + 5.6289 U 
— 7.9077 + 6.3832 X 5.7929 Y + 5.6289 Z — 5.6611 U 
0 = + 8.7824 — 5.7929 } 5.6289 Y — 5.6611 Z — 5.8319 U 
Their solution gives 
X=-+ 0.239 hence x = + 0.239 
Y=>-+ 8.543 y = + 0.08548 
Z= + 15.055 Z = + 0.0015055 
U=+ 5.100 u = + 0.000005100 
and the formula for the declination becomes 
D = + 7°.439 + 0.08543 (t — 1830) + 0.0015055 (t — 1830)? + 
0.000005100 (t — 1830)°. 


A Table of Comparisons of the Observed and Computed Declinations at 
Providence here follows : 


DaTE. 


OBSERVED. | COMPUTED. 


O° 

+9.64 +0.04 0.0016 
9.46 —0.01 0.0001 

8.85 —0.07 0.0049 

8.22 —0.05 0.0025 

7.62 +0.05 | 0.0025 

7.08 0.09 0.0081 

6.63 +0.14 | 0.0196 

6.29 +0.02 | 0.0004 

6.10 —0.08 0.0064 

6.09 —0.16 0.0256 

6.29 —0.11 | 0.0121 

6.73 +0.07 | 0.0049 

7.44 4.0.25 0.0625 

8.45 +0.03 0.0009 

| 8.69 +0.04 | 0.0016 
9.05 —0.20 0.0400 





IS At 

€, = 0.674) _i4- = 0°.085 = + 5/.1 

Mr. Schott proceeds to the establishment of formule expressing the sec 
* A misprint makes this 1720 in Appendix No. 48, Coast Survey Report for 1855 


PROC. AMER. PHILOS. soc. xvi. 99. 4c 
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ular variation in the rate of magnetic declination at any place within the 
limits of the stations named in the discussion. 

By the tables thus framed the average error in the computed declinations 
is + 0.0063. 

He adds that the small table extracted from the Phil. Trans. Royal Soc. 
Vol. XI, abridged, from 1755 to 1763, which Hausteen used in the con- 
struction of the isogonic curves in his Erdmagnetismus, and which here fol- 
low are erroneous, inasmuch as we know that the Western declination had 
been decreasing from 1700 to about 1797, while the last two lines of this 
table make it seem to increase. It may be remarked that the first two lines 
virtually show increase of Westerly, because they show decrease of Easterly 
declination. 





DECLINATIONS IN 


‘¢. 1700. | 1730. | 1744. 1756. 


~ OBSERVATIONS ig 
By P. F. Jr. Lat. 


30 miles E. of Rodriguez 

Key, | 25° O 43 E.| —— | 8} E.| 3 E. 
76 miles E. 8° N. of St. Au-| 

gustine, Fla soccccee| 89? - | # E.| 0 
82 miles K. 8. E. of Cape a | 64 W.| 7 W. 

PEON sb adovecsceventee 35° - (—_— 

865 miles E. of Sandy Hook.; 40° -| 9 W.j11$ W./128 W. 

Mr. Schott’s contribution to our knowledge concludes with the following 
remark : 

‘* Before closing the appendix it will be seen that a look out fora time 
of inflexion to be expected about 1867 + 15 years was not premature and 
indeed we find from the following comparison of the computed, and my last 
observed declinations that the latter always fall short of the former—a plain 
indication that the curve commenced turning its concave side towards the 
axis of abscisse ; or in other words that in 1855.5 the maximum annual 
increase had already been passed.”’ 

The annual variation of 1850 is recommended as a constant for some years 
till a new series clears up the point. He adds: * ‘‘ Thus for example the 
declination in Boston in 1870 will be found by computing the increase for 
twenty years (the difference of 1870 and 1850) prior to 1850, and adding 
the same to the declination for 1889; the declination at Boston for 1870 
becomes + 9°.81 + 19.48 = 11° 18’ W.”’ + 

Referring to Mr Schott’s admirable winnowed tables to accompany the C. 
§. Report for 1874 we find the Declination at Boston for 1870 given at 10°.90 
(see table of decennial values). This varies from his prophecy by 0°.28 
or 16’.8 (or with the correction suggested below by 0°.39 or 23’.4). 


* Written in 1355, 


+ Should this not be 11°,29? 
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He concludes by calling attention to the following epochs. 
Differences.. 


62 years. 
57 years. 


Known minimum declination 1798 + 2 years (¢ 52years. - 


Supposed second point of inflexion 1850. 


‘‘From which it appears that the periods are diminishing or the velocity 
of the secular variation is increasing, which latter is sustained by a compari- 
son Of V 5.4; = — 4/.6 with V j.59 = + 6.8 or + 5/.9,”’ &e. 

In Coast Survey Report for 1858 p. 192 to 197 Mr. Schott resumes the dis- 
cussion of the subject. He announces the discovery at Hatboro, Pa. of a 
longer period of 234 years and a shorter one of 88 years, the range of the 
secondary motion being about ;; of that of the primary or about 0°.25- 
The length of the shorter period as well as its epoch and range is different 
in different localities, but the fact of the existence of two such periods was 
afterwards confirmed by discussions of the periods at Burlington Vt. and 
Providence, R. I. 

For the representation of the Hatboro observations the form was employed: 
D=d-+ rcos. (an + c) + r, cos. (a, n +c¢,) when n = number of years 


+ after 
— before 


In the numerical application, the last term being neglected, the form 
adopted for the conditional equations was : 
0=—D-+d,+ x-+ cos.anrcos.c —sin.anr. sin. c. 

The first assumption for d, was = 5.2 and a = $42= 1.44 as pointed out 
in discussion of 1855. 

In a second and third assumption (a) was varied. Afterwards that 
value was assumed which made the sum of the squares of existing differ- 
encesa minimum. The probable ¢, was + 8/.6 as against + 11/.0 in the 
former discussion. 

The condition of the minimum declination is expressed by the formula 
0 = 5.05 sin. (1.54n + 46°.8)—0.90 sin (49.1 n—13°) from which 
n = — 33.7 years. Hence the minimum occured in 1796.3. 

The effect of the last term is to place the minimum 3.3 years earlier. 
The former discussion (in 1855) placed the minimum at 1806.1 + 19.3 
years and the mean for all stations then discussed gave 1797.6 + 1.8 years. 

By a first and second differentiation of the above formula v = +-45.2 or 
the maximum annual change will occur in 1875.2. 

From the observations since 1750, separately discussed in 1855 T = 
1799.5. 

From the next following discussion of the magnetic declination at Wash- 
ington, it is concluded that the maximum declination at the close of the 
last century was + 0°.42/ or the line of no variation at its highest 


\ an assumed epoch ; in this case the year 1830. 
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ascent at that period passed below Washington. It certainly passed above 
Norfolk. * 

The maximum declination will probably be = 4°.42. 

In Mr. Schott’s discussion of the secular change in C. 8. Report for 1859 
he mentions that no entire cycle has yet been completed on either the East 
or West coast. The linear form of the formula first applied to all observa- 
tions in 1855 (which does not involve any great length of period) is retained 
for the observations on the Western coast while a circular function is 
chosen for the others, of which the length of period and other numerical 
co-efficients have been obtained by the method of least squares. But he 
adds, ‘‘as long as the cause producing the secular change remains altogether 
unknown it is not safe to trust too far to the continuation of the law thus 
empirically derived.”’ 

He finds that ‘‘if the stations be arranged geographically, the minimun 
(West) declination occurred earlier at the Eastern than at the Western and 
Southern stations.’’ * * * ‘‘and if we proceed to the Western coast we find 
that the Eastern declination has not yet reached its maximum (equivalent to a 
Western minimum. )”’ 

This Report concludes with a record of all declination observations em- 
ployed in the forgoing papers. 


From the preceding imperfect memorandum of the analytical methods of 


some of the ablest mathematicians and magneticians, who have taken this 
subject in hand, and especially of those of Mr. Schott, it will be seen : 

ist That to the best informed the cause of variation in declination re- 
mains still unknown. 

2d The mathematical analysis proves the existence of a period including 
secondary periods, the latter resulting from perturbations due to some 
cause not identical with the main cause. 

8d Over small areas and during short intervals of time the magnetic va- 
riation can be predicted and a formula established which shall express it. 

4th The linear formula having shown the change of the kind of variation 
in abscissa after a certain epoch and in the kind of variation in the ordinate 
after another epoch establishes the cyclic curve as one of unequal axes. 

5th. The easternmost North and South line which is tangent to this 
curve passes nearly through Washington and some distance west of Phila- 
delphia. The westernmost North and South tangent is not yet determin- 
able with exactness. 


* By reference to the Isogonic chart previously mentioned, kindly corrected 
and sent me by Mr. Schott, March 17, 1876, the highest position attained by the 
Zero curve is marked in redink as above Annapolis and Baltimore in 1795, while 
by computing the mean annual declination from the tables from Report of 1874 
(Philadelphia) it will be found that the maximum was from 1740 to 1760 when it 
amounted to 10/.8, and the minimum from 1800 to 1810 when it amounted to 0/ .0 

The column for Washington only goes back to 1800 but its minimum seems to 
have been between 1790 and 1800. From this to the present time this annual 
mean for Washington presents several irregularities. 
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6th. The situation of this curve cannot be very near the Terrestrial Pole, 
since on the same parallel of latitude and with a distance apart of about 
2,685 miles, Passamaquoddy Bay shows a (West) declination of + 18° and 
Salem, Oregon, an Easterly declination of — 20° for the same year. These 
curves unless forming abnormally acute cusps must meet if produced be- 
low lat. 70° as drawn in Col. Sabine’s chart. 

7th. It is probable that the location of the area of magnetic attraction is 
nearer to the Atlantic than to the Pacific, because the Isogonic curves of 
even degrees are nearer together in the former region than in the latter. 

8th. Any theory which may be established to account for secular varia- 
tion must accept the end of the last century or the beginning of this as one 
of the extremes. 

9th. The total period of revolution according to the best data is about 
237* years with a margin of a few years error more or less. 

10th. The limits within which the declination for a particular date may 
be calculated for a station, where reliable observations are at hand, is about 
8’ to 11’. 

The following table was calculated to represent the magnetic variation 
at Mount Holly, Cumberland Co., Penna., for every five years since 1790, 
and may serve as an example of how such approximately accurate tables 
may be obtained for points where the records are very meagre. 

In the first place the Isogonic chart of the Coast Survey for1870 (as cor- 
rected by the pen of Mr. Chas. A. Schott) was referred to for the positions 
of various isogonic curves which passed at different dates in the vicinity of 
Mount Holly. The exceedingly small scale of this chart and the uncer- 
tainty of the data from which many of the curves were traced, renders the 
attainment of the required declination only possible within rather wide 
limits, amounting perhaps to 20’ if all errors be taken into account ; ora 
little more than the minimum (quarter of a degree) noticed by an ordinary 
surveyor. 

Of course, if the chart be assumed as correct, the error is reduced to less 
than half this. The method employed for determining these declinations 
is as follows : After locating the position of the place whose declination is 
sought on the chart by latitude and longitude, a normal to the isogonic 
curves of the date required is drawn through this place. The distance 
apart on this line of the nearest curves of whole degrees between which the 
place lies, is accurately measured, and afterwards the distance from the 
point to that one of these curves which is represented by the smallest num- 
ber of degrees. This distance in the same units multiplied by sixty and 
divided by the former number will give the number of minutes, which be- 
ing added to the smallest number of degrees represented by the two curves, 
furnishes the correct declination of the place at the date for which the curves 
are drawn. If any actual observations of the declination at the desired lo- 
cality are at hand these may be compared with the nearest place at which 
observations have been carried on, and the annual rate of change of the 


* See Mr. Schott’s Report, ante, 
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amount expressing the difference between the two declinations calculated 
and noted for each term of years between such data. When observations 
are entirely wanting, an approximation to the true declination may be 
made in the manner already described; though the accuracy of such a me- 
thod will be inversely proportional to the distance along the isogonic nor- 
mals to old stations of record, and directly as the distance apart of adjacent 
curves, 


DECLINATION AT 


a  eE 
PHILADELPHIA, | Mount Hotty. DIrrERENCE. REMARES. 


1790 West + 2° 24’ West + 0° 14/.54 2° 09/.416 

1795, «* 2° 15/ 5 0° 5/17 2° 09/.832 | 

1800“ 206 East — 0° 04/.24 2° 10.248 

1805) “ 06/ 0° 04/.6 2° 10.664 

1810 06/ 0° 05/ 2911.08 | 

1815 2 11/.5* 0° ov” 2° 11/.5 * Subtract 0/.416 
1820 217’ = West + 0° 05/.92 2° 11/.08* from each differ- 
1825 20/5; * 0° 18’.84 2° 10’.66 ‘ence to obtain the 
1830 > 42’ 3 0° 31’.75 2° 10/.248 next following 
1835 0’ " 0° 51/.17 2° 09/.832 ‘down to 1845. 
1840 19/ ” 1° 097.5 2° 09/.416 

1845 O 46/ ee 1° 87/> 2° 09/ 

1850 7 Pe 1° 49.88 2° 17/.12 + Add 1/.625 to 
1855 33/ ' 2° 07'.76 2° 25/.24 each difference to 
1860 59/ 2° 26/.62 2° 33/.37 et the difference 
1865 > 26’. 2° 45/ 2° 41/.5 or the succeeding 
1870 > 54! 8° 04/.38 2° 49/.62 ‘year. 

1875 > 20/ 3° 22/.25 2° 57.75 

1877 So 30/* 3° 29/ © 8° O1/ 

1880 6° 46/ 3° 40/.12 8° 05/.875 


~ 


Ht OT hm be ee CO CO Co 0D OO BD DD 0 0D ww 


a. Interpolation from Assistant Schott’s tables of decennial values of magnetic 
variation, U. 8S, Coast Survey Report for 1874, 

b. From chart of Isogonic lines 1870. The positions of the curves with respect 
to Mount Holly were measured from additions in pen by Mr. Schoft. 

ec. Observation by Beaton Smith. 
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Regarding some Mesozoic Ores. 
By Persiror Frazer, JR. 


(Read before the American Philosophical Society, April 20, 1877.) 


There are several places in the New Red Sandstone where, although 
the presence of no other formation within several miles is intimated on 
the old map, nor has any sudden change of character in the rock been sus- 
pected, there nevertheless appear to be good reasons for supposing that 
the outer shell of the Mesozoic strata has been worn through and the un- 
derlying and older formation has been exposed. One instance (of not 
much weight, owing to its very local character and its proximity to the ac- 
tual boundary between the two formations) occurs near Franklintown, 
York County, near Lerew’s tavern, where an oval piece of ground seems 
to be composed entirely of the older schists, while the contiguous country 
is made up of the newer shales and sandstones. 

The same thing may be noticed near Bendersville and near Arendtsville, 
where small islands of Mesozoic seem to stand out ina sea of Huronian schists 
and débris. Many such instances taken from other formations will occur to 
every geologist, and a glance at the State geological map of the last survey 
will convey the same fact forcibly through the eye to the mind; for 
there it will be seen that not only are the bounding edges of the formations 
ragged, and the shreds of one: left within the domains of the other, but 
(sometimes on account of the geographical and orographical conditions under 
which the original deposition of beds took place ; and sometimes owing to 
the peculiar action of erosion) great peninsulas, islands and archipelagos, 
are to be seen distinguishing themselves from the formation in which they 
lie by the colors chosen by Prof. Rogers to represent them. 

Such, for instance, are the strips of what Prof. Rogers called Primal and 
altered Primal which stretch out like an Aleutian chain in the limestone 
sea of Lancaster and York Counties. 

So far as this occurrence of the Huronian rocks within the limits of the 
New Red Sandstone is concerned, it is important in more ways than one. 

1st. As accounting for the presence in the newer of many constituents 
characteristic of the older rocks in other parts of the country (magnetite, 
copper ore, etc.) ; and 2d, in resolving the doubt as to the comparative 
thickness of the New Red Sandstones at adjacent points. 

It has long ago been suggested that the presence of the iron ‘‘ Glances’’ 
in the red shales and sandstones, and the presence in the latter of more or 
less well defined belts of copper ore, might be accounted for on the suppo- 
sition that in the making of the newer beds the older were ground up and 
redistributed (re-sedimen(ed would better express the idea). 

We know as a fact, adverted to elsewhere, that the only horizons in which 
copper ores have been found in this State are the South Mountain series of 
crystalline schists, etc., and these very rocks in question. And even if we 
seek elsewhere in this country, except a very limited deposit in the Medina 





Frazer. } 652 {April 20, 


group, and the lean copper shales of the Catskill, none but still more in- 
significant exhibitions have been noted in other formations. 

It might be easier to account for cupriferous shales and sandrocks in 
the Triassic beds were we sure that ferriferous and cupriferous Huronian 
rocks were actually in contact with their lower surface, and provided also 
we could find evidences of such cupriferous and ferriferous horizons among 
the rocks of the South Mountain system, which are evident lateral continu- 
ations of the bed of the Mesozoic sea. 

It is true that a copper horizon has been noted in the Orthofelsite of the 
South Mountain, as at Watson’s, Snyder’s, etc. in Adams County near 
Monterey ; and deposits of Micaceous and Specular Iron Ore of very great 
beauty at G. Coles’ near the summit of the Gettysburg-Chambersburg turn- 
pike (both of these in the Huronian series) : and also that many minor oc- 
currences of specular and magnetic iron ore disseminated through the rock 
in minute crystals (as in specimens found on Green Ridge near Caledonia 
Springs, etc.) ; but all the deposits thus far discovered will not account for 
the exceptionally rich character of that portion of the Mesozoic beds which 
abuts upon the eastern flank of the South Mountain.* 

In my report of progress for 1875 (Second Geol. Survey of Penn. CC, p. 
$28), I have given reasons for the rejection of any theory which implies a 
local deposit of these ores (7. ¢, only along the borders of the formation), 
and I have cited eleven localities scattered over the length and breadth 
of the Mesozoic belt in York and Adams Counties where micaceous ore ap- 
pears—more or less mixed with magnetite. The copper horizon of 
Phoenixville seems at first sight to agree well with the views advanced by 
Dr. Hunt and others concerning the restriction of the metalliferous strata 
to the two edges of the New Red, for Pheenixville lies very near the south- 
ern edge of this formation on the Schuylkill, where it has dwindled down 

* Dr. T. Sterry Hunt, in a recently published paper on the “Cornwall Iron 
Mine and some related deposits in Pennsylvania,” states as follows: 

“ But I have now to bring to your notice’ * * * “those ores which are found 
“over Pennsylvania along both borders of the Mesozoic red sandstone forma- 
“tion which stretches through the State; including on the south side the ores 
“of Warwick and the Jones Mine, and on the north side a line of deposits from 
“ Boyertown and the vicinity of Reading to beyond the Susquehanna, includ- 
“ ing the great Cornwall Mine near Lebanon.” 

“These ores ‘were by Prof. Rogers referred to what he designates the Primal 
* slates, which he regarded as the lowest member of the Paleozoic series, though 
“ by some later observers the Cornwall Mine and certain related deposits west 
“ of the Susquehanna have been referred to the Mesozoic sandstone. It would 
«“ be foreign to my present purpose to set forth the reasons which lead me to 
“ conclude that these are, all of them, really contemporaneous deposits included 
“in the Primal slates, which corresponds to a portion of the lower Taconic se- 
“ries of Emmons, and belong, in my opinion, to a lower horizon than the 
** Potsdam sandstone of the New York system. That they are met with only along 
“‘ the borders of the Mesozoic sandstone formation is due to the fact that those ancient 
“ ore-bearing rocks, from their decayed condition and their inferior hardness, have 
“ been removed by denudation, except when protected by the proximity of the newer 
“ sandstones or of eruptive rocks, as is the case at the Cornwall Mine.” 

(Transactions American Institute of Mining Engineers, Vol. IV, p. 320.) 





Bp 
1877.] 653 {Frazer. 


to about half the breadth which it exhibits on the Delaware. It is worthy 
of note that this contraction of the area of the New Red has been brought 
about by a sloping inwards towards the median line of both its north and 
south boundaries, so that if the breadth of the Mesozoic rocks on the Dela- 
ware were continued to the Maryland line, this ore region would fall but 
little below the axis of the belt. Furthermore, this position would accord 
well with that of the copper ore deposit in Bonnaughtown, about eight 
kilometers (or five miles) east of Gettysburg. 

The same argument may be applied to the iron ores of the Altland 
mines, which are cut in specular, somewhat magnetic and very cuprifer- 
ous ore, for this locality lies 11 kilometers (or 6$ miles) 8. E. of the N. W. 
limit of the New Red. 

If the same view be held to explain the Cornwall deposit and the Alt- 
land deposit the latter must be of ante-Potsdam age. This, however, is 
not at all yet sustained by observation. 

Again, if the source of all this magnetic-micaceous ore be assumed to be 
the older slates, then it seems to indicate that the greater part of the sand 
obtained by wearing the shores of the Mesozoic sea was obtained from the 
Huronian rocks, for over every kilometer (7 mile) of the breadth of the de 
posit in York and Adams will be found some flaky ‘‘ iron-glimmer,’’ besides 
many belts of shale and sandstone, colored green with the débris of the Hu- 
ronian chlorites and sparkling with the hydro-micas of the same age. 

Now supposing that this were true, 7. e. that either the greater part of 
the Mesozoic sandstone rocks, or at least a large proportion of them, taken 
in any part of the belt, consisted of the débris of the Huronian schists 
worked over, it might prove a connection between these ore deposits, but 
a few miles from the South Mountain, and those of the latter: independently 
of whether the shallow but monoclinal structure of these beds (as explained 
by the wave strewing hypothesis of H. D. Rogers ; or the deepening trough- 
bottom hypothesis of J. D. Dana),* or the normal deposition, folding and 
subsequent erosion shall be assumed, for even in this latter case a margin 
of a certain width along the coast line, where the water was shallow, 
would show in the deposits the characters of the original rock forming 
its shelving bottom. 

So that in any case we should look for the Huronian source under the 
present position of the ore, because the waves which broke up the shallow 
bottom would strew the débris in the immediate vicinity of the parent rock. 

{In Rogers’ hypothesis the direction of the apparent motion of the 
wave is the really important factor, and it is difficult to understand why 
we should not have 8. E. dips on the 8. E. margin of the Mesozoic es- 
tuary, since the waves are supposed to produce layers dipping in shore. 
(See diagram, Vo). II, Part II, p. 812, Final Report on the Geology 
of Pennsylvania.)+ Or vice versa if the suspension hypothesis (ibid, dia- 
gram p. 813) be preferred. } 

But, abandoning this wave-strewing hypothesis as altogether inadequate 

* Manual of Geology, 1875, p. 421. + 1858. 
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_~ 
Frazet 654 {April 20, 


to account for beds of such depth as those we find in the New Red, we may 
nevertheless consider the effect of the waves in forming strata of sediment 
in the shallow portions adjacent to the coast (which here seems to have 
been the South Mountain). 

The direction of the line of Section 7, Report for 1875 CC (which 
corresponds with the South Mountain portion of the Section of the same 
number in Roger’s final Report) was chosen, after an examination of the 
plotted work in that region permitted a mean of all the mountain dips to 
be taken. The direction of this mean dip was chosen as the direction of 
the section line because it was the line most nearly corresponding with all 
the observed dips. A direction perpendicular to this will therefore re- 
present with the nearest approach to exactness the strike of the old Hu- 
ronian rock. 

These mean dip and strike lines are constant for the entire portion of the 
South Mountain here under consideration. 

This strike is E. 27°N. 

The strike of the New Red Sandstone rocks contiguous to the above Hu- 
ronian rocks was calculated in the same way, for Section 6a (the nearest 
Section) and is E. 40°N, 

These lines thus intersect each other at an angle of 13°. 

If we assume that all the New Red Sandstone rocks which cover a strip 
of country from 10 to 12 kilometers (6} to 7} miles) from the base of the 
South Mountain were parts of the shallow or littoral Mesozoic sea, and there 
fore especially subjected to the wasting action of the waves; it is natural 
that the ore belt of the new forming rocks must follow approximately the 
ore line below, and since only in a limited margin beyond the actual breadth 
of the parent bed is it likely that the ore would show in the new forma- 
tion, it might appear as if deposited in a vein more or less clearly defined, 
and following a course of about E. 27° N. It should be here emphasized that 
this might be so independently of the accuracy or error of the wave-strew- 
ing hypothesis, and independently of whether their present dips were ac- 
quired then or subsequently; provided only that the new rocks were form- 
ing on, and from the old. But whether or not this be the case, the follow- 
ing phenomena are interesting. 

The mines known as the Dillsburg Group lie too close together to enable 
one to predicate anything with confidence from them alone as to the di- 
rection of the one or more belts of ore in which they are sunk, but if we 
connect together the three northeasternmost ore properties mentioned in 
General Map C C 1875. (Meyer’s, Ellicker’s and Kimmel’s) with the group 
around Franklintown, the line is very nearly E. 25° N. ¢. e. that of the 
above mentioned strike of the Huronian measures. Moreover there does 
seem to be a certain conformability of the Dillsburg and other groups to 
this line. [N. B.—The strike of sandstone 60 ft. down in the Altland 
bank group is about E. 30° N.—nearly the same. ] 

It chances that the average dip of the South Mountain rocks remains 
pretty uniform from N. E. to 8. W., sothat if there were any foundation 
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tor the supposition, we ought to be able to follow one or more belts of ore 
in a tolerably straight course from one formation into the other. 

On the general map to illustrate the report of 1875, lines were drawn 
from the Franklintown ore diggings, E. 27° N. and W. 27° 8. The first 
of these passes through the locality where ore has been prospected at 
Meyers’, Ellicker’s, and Kimmel’s. The W. 27° 8. line passes through the 
town of Whitestown (or Idaville), where was a once famous iron mine. 
All these three occurrences are clear of the mountain range. The first two 
are in the New Red, the last in the older (Huronian) crystalline schists or 
in the mixed marginal formation. Continuing this line still further W. 
27 ° S. it cuts the very singular ore mine of G. Coles in the Catholic Val- 
ley (a small valley among the South Mountain ridges). This same line 
emerges in the Cumberland Valley where several new ore pits sunk by 
Col. Wiestling have proved the existence of ore.* 

Drawing a parallel line of W. 27° §. from the Dillsburg group, we cross 
the Bender, McCormick ard Williams limonite mines in the first high 
land of the mountains about 6.5 kilometers (or a little more than four miles) 
8. W. of Dillsburg. Near the Chambersburg turnpike this line crosses the 
‘*Furnace bank ’’ opening, which can be seen from the turnpike on the 
brow of a steep hill just across (W. of) the Connococheaque. 

If we move the parallel ruler from this line till it pass through Pine 
Grove, and draw another line, this latter will very nearly pass through 
Medler and Sayler’s and the Thomas Iron Co.’s banks 8. E. of Papertown, 
in one direction, and through the Hoosac Run Mine of the old Caledonia 
Furnace property in the other, emerging from the mountains near the 
mouth of Cold Spring Ravine at the ore opening of Mr. Good. 

Thus it will be remarked that not only does the characteristic strike line 
of the old Huronian rocks enable us to pass from known ore localities in 
the older, to known localities in the newer formation ; but all the important 
mines of this particular region yet known in both formations can be con- 
nected together by two or three such lines. 


* It is doubtful if the latter is more than a coincidence, as the portion of this 
line between Coles’ ore mine and the Cumberland Valley probably crosses the 
line of a great fault and thrust: the most important dynamic element in the 
formation of these mountains. 
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American Condensed Peat : Experimental Tests to Determine its Value for 
Blast and Puddling Furnace Use, &c. 


BY J. BLODGET BRITTON. 


(Read before the American Philosophical Society, April 20, 1877.) 


At the meeting of the fifth of January last I exhibited a small sample of 
condensed air-dried peat, prepared by the Dodge process, at works in 
operation near Syracuse, N. Y., under the direction of Jas. M, Hart and 
others, and stated that my purpose was to ascertain by analysis its general 
composition in order to find what value it possessed for blast and puddling 
furnace use and generating steam in boilers, and would communicate to 
the Society the results obtained. Since then I have received more of the 
same material charred, and some samples prepared by the Wright process, 
at works at Rome, N. Y., under the direction of the patentee, W. E. 
Wright ; and also some samples of true brown coal or lignite, apparently 
a derivative of peat, found in considerable quantity in more or less dis- 
connected deposits of from one to seven feet in thickness, principally in 
the region of the Ouachita River in Southern Arkansas, In order to em- 
brace in the communication the results of the analyses of these last samples, 
there has been more delay than was anticipated. Portions of the samples 
are now presented for inspection and comparison, and also I respectfully 
submit the results of the analytical examinations so far made. 

The lignite has a specific gravity of 1.29. It is lighter in color than the 
peats, and more uniform in structure, but by exposure to a drying atmos- 
phere, however slowly the drying is effected, becomes quite friable, and 
at once breaks into pieces when roughly handled. It ignites most readily, 
and with a draft gives a long, bright flame and very little smoke, but 
would not answer the purposes of the blacksmith ; it does not cake or form 
a coherent coke. 

Results of analysis. 
WROUOE ook Soc ctcdnccees cececcsctbeceeses oso. SO 


Crude oleaginous matter ......ccccscccccccescccecsescee 123.49 
Other volatile matter more or less combustible........... 28.44 


BO vcicccestovviccoccesoseces 4.85 
Fixed carbonaceous matter... .......ceeeeeeeeee 80.60 


Rs a ee ile wok dialne so 0: 9'5 0 9 3:00 6 


Included in the above : 
Gulphur. ......ccccccccccccccccccccccsescccesssses sOOL 
Sulphuric acid ......cccccscccsece cvsesessccccccce cBOe 
Phosphoric acid...... csceccceeccecceeeseneeecees 007 
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Composition of the Ash, 


Ferric oxide . is neha ‘ -- 24,45 
Sere Si Re : 40.14 
Alumina eee ak cemeie iene pues. ae 
Ss i cdesees ate (i ; 6.31 
Magnesia sae os .16 
Sulphuric acid .......... .6) 
Phosphoric acid............. 12 
Alkali, undetected matter and loss..... ptt 1.61 


---+-100.00 


’ 


The sample of peat marked ‘‘ From I[llinois’’ (about 1 Ib.), came with 
the one from the Syracuse Works, and was prepared, it is supposed, by 
the Dodge process, specific gravity 1.32. 


Results of Analysis. 


13.90 
48.70 


15.2 


Total 100.00 


Included in the above : 


Sulphuric acid 
Phosphoric acid . 


Magnesia 

Manganous oxide 

Sulphuric acid 

Phosphoric acid trace 
Alkali, undetected matter and loss...............eeeeeee- 2.59 


Total ‘ 100.00 


The sample of peat from the Syracuse Works (about 40 ths.) was dug 
from an extensive bog nine miles north of the city, and prepared by grind- 
ing into pulp in a bath of water and then draining and air-drying. The 
cost of the material in quantity, cut and broken into pieces somewhat 
larger than a man’s fist, and dried in condition like the sample exhibited, 
is stated to be not exceeding $1.25 per gross ton. It is not at all friable 
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but, on the contrary, is tough and strong, and will bear rougher handling 
than many of the bituminous coals. It ignites readily, and, like the 
lignite, burns with a long, bright flame and little smoke. The specific 
gravity of the pieces tested varied considerably from below 1 to 1.28; not 
more than one-haif of them sunk in water. 


Results of Analysis. 


Included in the above : 
Sulphuric acid 2.325 
Phosphoric acid 


Ferric oxide... 55 
Silica - ; 3.35 
54 
Lime... 31 
Magnesia 26 
Manganous oxide 
Sulphuric acid 21.60 
Phosphoric acid 74 
Alkali, undetected matter and loss............+.e0eeeee: 4.65 


100.00 


The sample of charred peat (about 8 Ibs.) had an average specific gravity 
of 1.22. It was friable, and with ordinary handling broke into pieces of 
the size of a walnut and less. A portion of it was thoroughly dried, but 
afterward found to reabsorb moisture from the atmosphere readily ; ex- 
posed to the air in a chamber of the laboratory, it regained 7.20 per cent. 
in 48 hours. 

Results of Analysis. 
13.10 


22.69 


15.27 


Total .--» 100.00 


These results show that the material had not been thoroughly coked, 
but merely charred. Tested in a good 12 inch wind assay furnace it 
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failed to produce heat sufficient for the reduction of an ore of iron to a 
button of metal; the quantity, though, was scarcely sufficient for a con 
clusive test. It burned with a roar, and gave flame enough to heat the 
pipe red-hct for some distance, which I never found anthracite to do in the 
same furnace. 

The sample of peat from Rome, N. Y. (about 50 Ibs.), was dug from a 
bog in Oneida county, where large bodies of it exist, and prepared by first 
grinding into pulp, then partially compressing and air-drying, and, lastly, 
more completely drying in a current of air artificially heated. The cost of 
preparing in quantity is estimated at under $1.50 per gross ton. The 
pieces, like those of Syracuse article, are of suitable size, tough and strong. 
The specific gravity varied mostly between 1 and 1.21; nearly all of the 
pieces tested sank in water. 


Results of Anulysis. 
Water 
Crude oleaginous and tarry matter................5+.-05 
Other volatile matter more or less combustible 


Total 


Included in the above : 


Sulphuric acid 
Phosphoric acid 


Ferric oxide Pe hi 91 
BOG. ¢scce0 35.24 
Alumina ae .83 
BAM. v6. 5:6 poet woe a 25.21 
Magnesia eeu 36 
Manganous oxide .05 
Sulphuric acid .82 
Phosphoric acid Wig eeu 1.35 
Alkali, undetected matter and loss...... ae 


Total ae ‘ 100.00 


A portion of this sample was tested in the assay furnace with about the 
same effect as that produced by the charred peat. Another portion was 
tested for liability to absorb moisture from the atmosphere, and found to 
regain 7.70 per cent. at a temperature between 65° and 73° F. in three 
days. What it would regain out of doors in a covered, latticed bin can be 
inferred. 

From the facts stated it is clear that neither of the samples examined 
would be equal to wood charcoal for use in blast furnaces as they are now 
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constructed ; if, unmixed with other fuel, they would answer for such use 
at all with profit. If they were coked and made into a compact coal, 
tough enough to withstand the pressure and abrasion of the ore and flux 
without unduly crushing—which, I believe, would be quite impracticable 
with the lignite—they might answer well ; the large quantity of ash they 
contain would be the only objection. The ash, however, being rich in 
lime and also containing some potash and soda, would not prove very re- 
fractory. The sulphuric acid would not become reduced and give sulphur 
to the iron, but pass off mostly as sulphate in the slag, and the phosphorus 
present being small would have little effect. The peat from [Illinois would 
afford 68.92 of ash with 100 parts of fixed earbon, that from Syracuse 
31.50, and that from Rome 54.22. Wood charcoal usually affords less than 
1 per cent. of ash; coke from bituminous coal, variable, but usually less 
than 12 per cent., and anthracite, also variable, but usually less than 8 per 
cent. 

As a fuel for use in puddling furnaces these condensed peats would un- 
questionably answer, and best when well dried. They would burn freely 
without caking or forming any undue amount of clinker, require no excess 
of blast or draft, and afford combustible gas free from sulphur in greater 
volume than the ordinary bituminous coals. By mixing the gas with 
heated air at or near the bridge walls, an exceedingly high heat could be 
produced. For use in the Siemens regenerative furnace they would be 
especially well adapted, their contents of moisture being no disadvantage, 
but decidedly beneficial. Burning, as they could be made to, with a long, 
hot and almost smokeless flame, their value for the production of steam in 
stationary and other boilers would be great, and for the production of an 
illuminating gas of high candle power they would be no less valuable. I 
regard them as not at all liable to spontaneous combustion. 

Much has been said of the value of peat for fuel purposes. The litera- 
ture upon the subject is voluminous. My conclusions, however, are not 
drawn from anything hitherto published, but alone from the facts revealed 
by the analyses and tests made as stated. Peats differ more or less, and 
some very widely in the relative proportions of their constituents, and 
their fitness for use depends materially upon the manner in which they 
are prepared ; hence, to determine the true value of any one, a chemical 
analysis and other tests should be resorted to. 
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Stated Meeting, April 6, 1877. 


Present 19 members. 
Vice-President, Mr. Pricgr, in the Chair. 


Letters accepting membership were received from E, 
H. Von Baumhauer, Harlem, March 7, 1877; from C. Wm. 
Siemens, 12 Queen Ann’s Gate, Westminster, 8. W., March 
14, 1877; and from Mariano Barcena, dated Meteorological 
Central Observatory, Mexico, March 25, 1877. 

Letters of acknowledgment were received from the 
Academy at St. Petersburg, February 26 (62, 74, 97); Royal 
Society of Sciences, Gottingen, February, 1877 (97); Royal 
Library, Leipzig, February 4 (97); S. de Phy. Geneva, 
December 1, 1876 (94, 95, XV, ii); Royal Danish Academy, 
Copenhagen, March 13 (97); Chicago Academy of Science, 
March 6 (Proce. 16, 17, 33, 35 to 39, Vol. III, Vol. V, want- 
ing 44, Vol. VIII to XIV, 78, 94, 95, 96, 98). 

Letters of envoy were received from Dr. A. Dreschler, 
Dresden, February 11; Royal Academy, Vienna, September 
29, 1876; Royal Observatory, Greenwich, March 1877; 
Meteorological Office, London, March 1877; Howard Col- 
lege Observatory, April 3; United States Lighthouse Board, 
March 22; United States Naval Observatory, January 31; 
and the Department of the Interior, April 3, 1877. 

Donations for the Library were received from the Nic. Ob- 
servatory, St. Petersburg; Royal Danish Academy ; Royal 
Academy, Vienna; M. Adolph Dreschler; the Society at 
Ulm; Neu Lausitz. Magazin, Gorlitz; N. H. 8. Bonn; 
Royal Society Gottingen; Flora Batava; S. de Phy. and 
M. H. de Saussure, Geneva; Royal Academy of Lincei, 
Rome ; National Library and Faculty of Medicine, Madrid ; 
Society of the Friends of Peace at Valentia; Central 
Geographical Commission of Lisbon; Portuguese Commis- 
sioners to the Centennial; Royal Astron. Society, Society 
of Arts, and Nature, London; Lit. and P. Society, Liver- 
pool; Astronomical Observatory, Harvard College; Com. 
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Corr. Old South Church, Boston; B. N. H.S.; Silliman’s 
Journal; American Chemist; Geological Survey of New 
Jersey; Academy Natural Science; Franklin Institute; 
College of Pharmacy, and E. D. Cope; United States Naval 
Observatory; Signal Service Office; Light House Board ; 
Botanical Gazette, Hanover, Ind.; University of California, 
Berkeley ; and the Brazilian Biographical Annual, Rio de 
Janeiro. 

The death of Prof. J. 8. Hart, aged 67, at his residence in 
Philadelphia, March 26, 1877, was announced by the 
Secretary. 

Prof. Frazer exhibited and described the construction and 
use of a new compass devised by Major Brooks, for field 
work, to detect and measure local attraction more accurately 
than the ordinary dipping needle. 

Prof. Frazer communicated a paper on Magnetic Declina- 
tion. 

The Secretary read a paper, entitled “On the relative ages 
of the Sun and certain of the Fixed Stara, by Prof. Daniel 
Kirkwood of Indiana University,” which was discussed 
by the members present. 

The Secretary presented, for Dr. Brinton, a paper, entitled 
“The Timucua Language, by Albert 8. Gatschet.” 

The Secretary read a short communication from Mr. C. 
E. Hall, entitled “Contribution to the Paleontological 
Museum of the Second Geological Survey of Pennsylvania,” 
describing the late discoveries of Eurypterus (hitherto 
characteristic of the Silurian Water Lime rocks) in the Sub- 
carboniferous and Carboniferous of Northern and Western 
Pennsylvania, by Mr. Carll and Mr. Mansfield. 


Dr. Le Conte read portions of a private letter and de- 
scribed the activity of the new Society of Sciences at Dav- 
enport, Iowa ;—on motion the placing of that Society on 
the list of Correspondents was referred to the Publication 
Committee. 

On motion the Secretaries were authorized to accept Mr. 
Sinclair’s contract to make for $25 a piece, two plates to il- 
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lustrate Prof. Cope’s paper on the brain of Coryphodon Ele- 
phantopus. 

Mr. E. K. Price offered the following resolution which 
was seconded and passed : 

Resolved, That since by the death of Messrs. Durand, Trego and Guillou, 


there are three vacancies in the Committee on the Michaux Legacy, that 
said vacancies be now filled by new appointments. 


Mr. Joseph P. Townsend, Mr. Aubrey H. Smith, and Mr. 
W. M. Tilghman, nominated respectively by Mr. Price, Dr. 
Cresson and Mr. J. 8. Price, were elected to fill the va- 
cancies. 

Mr. E. K. Price offered the following resolution, which 
was seconded and passed : 

Resolved, That the Committee on the Michaux Legacy be authorized 
to consider and report to the Society, from time to time, what appropria- 
tions should be made of the residue of the income of that Legacy, so that 
the purposes of his will may be faithfully executed. 

Dr. Barker having explained that Prof. Draper, elected 
member of this Society in 1844, had never received copies 
of the Proceedings, and there being no likelihood that the 
Society would incur at present the expense of reprinting the 
exhausted numbers of the series, it was moved and adopted 
that the Secretaries be authorized to make an exception 
specially in his case, and take one of the twenty reserved 
sets, from the beginning, and present it to Prof. Draper. 

Pending nominations number 830 to 834, 835, and new 
nomination 836 were read. 

And the meeting was adjourned. 


Stated Meeting, April 20th, 1877. 
Present, 15 members. 
Vice-President, Mr. FRAuEy, in the Chair. 


Letters of envoy were received from the Austrian Acade- 
my, Vienna, November 1, 1876. 
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Letters of acknowledgment were received from the Royal 
Society, Edinburgh, Dec. 1876 (XV, ii, 94, 95); and the 
McGill University, Montreal, April 5, 1876. 

Donations for the Library were received from the Austrian 
Academy, many volumes of the Novara Expedition; the 
Royal Society, Melbourne ; the Geographical Society and 
Revue Politique, Paris; Lord Lindsay (Editor of the Dunn 
Observatory Observations), and London Nature ; the Royal 
Edinburgh Society ; Essex Institute; White Mountain Al- 
pine Club (Appalachia), Boston ; Antiquarian Society, Wor- 
cester; American Chemist; A. N. Williamson, M. D., New 
York ; Buffalo Society of Natural Sciences; A. Journal 
Medical Sciences ;| Medical News; Penn Monthly; Com- 
mittee of National Centennial Celebration, Philadelphia ; 
U.S. Department of the Interior; and the Botannical Ga- 
zette, Hanover, Indiana. 

The death of a member, Dr. Alexander Braun, at Berlin, 
March 29, 1877, aged 71, was announced by a circular family 
letter. 

Mr. Britton exhibited specimens of lignite and peat, and 
pressed fuel from peat manufactured in the State of New 
York, and read a paper explanatory of the process and value 
of the fuel, with analyses made in his own laboratory. 

Several written communications handed to the Secretary 
for presentation to the American Philosophical Society, by 
the Rev. J. L. Gross, were read by title by the Secretary. 

Professor Frazer read a communication of facts which he 
had observed in his survey of York and Adams Counties, 
Pennsylvania, and discussed the views of Prof. H. D. Rogers 
and others respecting the cause of the general north-west dip 
of the New Red and of the origin of the magnetic and 
specular iron ore beds of the New Red and of the Azoic 
rocks of the South Mountains, insisting specially upon one 
point, viz.: that parallel straight lines about N. 20 E. may 
be drawn through all the ore banks of any consequence, irre- 
spective of their habitat in the two formations ; a fact which 
seems to make the ores common to both by some law not yet 
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discovered. He presented for the examination of the mem- 
bers in support of this fact, one of the recently published 
maps of his district. 

Pending nominations, Nos. 830 to 836 and new nomina- 
tions Nos. 837 and 838 were read. 

Pending nominations, Nos. 830 to 835 were spoken to and 
balloted for. 

The Resolutions of Prof. Frazer to recommend the addi- 
tion of metric units to English units in papers prepared by 
members for publication; and Dr. Roger’s amendment to 
order the conversion of metric units when used into English 
units, postponed from March 16, 1876, were called up, de- 
bated at much length, and not agreed to. 

The ballot boxes being scrutinized by the presiding officer, 
the following persons were declared duly elected members 
of this Society. 

830. Prof. Henry Draper, M. D., of New York City. 

831. Dr. J. T. Rothrock, Prof. Botaty, University, Pa. 

832. Mr. James Douglass of Phoenixville, Pa. 

833. Prof. J. J. Stevenson, University of New York, and 
Assistant Geologist Second Geological Survey of Pennsy]- 
vania. 

834. Dr. George R. Moorhouse, of Philadelphia. 

835. Dr. T. B. Reed, of Philadelphia. 

And the Society was adjourned. 


Stated Meeting, May 4th, 1877. 


Present 16 members. 


Vice-President, Mr. Pricz, in the Chair. 


Mr. H. Armitt Brown, a newly elected member was in- 
troduced to the presiding officer and took his seat. 

Letters accepting membership were received from Prof. J. 
J. Stevenson, 314 West Thirtieth Street, New York, April 





666 


24, 1877; Dr. Thos. B. Reed, dated Philadelphia, April 24, 
1877 ; Prof. Henry Draper, 271 Madison Avenue, New York, 
April 24; Dr. Geo. R. Moorhouse, 227 South Ninth Street, 
Philadelphia, April 25, 1877. 

Letters of acknowledgment were received from the Im- 
perial Russian Society (95,97) ; Imperial Central Meteorologi- 
cal Establishment (97); and the Astronomical Society at 
Leipzig (97). 

A letter of envoy was received from the Meteorological 
Office in London. 

Donations for the Library were received from the Berlin 
Horticultural Union and African Exploration Society ; the 
Vienna Anthropological Society and Geological Establish- 
ment; the Brussels Academy, and Netherland Botanical 
Society ; Annales des Mines ; London Astronomical, Asiatic, 
Antiquarian and Zoological Societies ; Meteorological Office, 
and Editors of Nature ; Greenwich and Radcliff Observator- 
ies ; and the Observatory at the Cape of Good Hope; Mr. 
James Young and Mr. R. Angus Smith of Edinburgh; the 
Essex Institute; Silliman’s Journal; Franklin Institute; 
College of Pharmacy ; Prof. Cope and Mr. J. Meehan; the 
University of Virginia; Wisconsin Academy of Sciences ; 
and M. Barcena of Mexico. 

The death of General Wm. A. Stokes, at Philadelphia, 
May 8, in the 63d year of his age, was announced by Mr. 
Price. 

Prof. Cope exhibited and described a plaster cast of the 
Cranial Cavity of a fossil Procamelus Occidentalis, from 
near Sante Fé, New Mexico, comparing it with the brain of 
the llama.* 

Prof. Cope communicated a catalogue of 43 species, 
(about 20 of them new) of living batrachia ; entitled “ Syn- 
opsis of the cold-blooded vertebrata procured by Prof. James 
Orton during his explorations of Peru in 1876-77.” Prof. 
Orton has added greatly to the value of his catalogue by 


*This and following communications will be published in the next volume 
(XVII) and No. (100) of the Proceedings. 
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giving the elevation above tide at which each species was 
noticed. Thus, a Bufo was seen ranging from the seaboard 
to a height of 14,500’, without material noticeable change of 
aspect. 

Prof. Sadtler communicated a paper “On some new 
chlorine derivations from Toluole, by Dr. E. F. Smith of the 
University of Pennsylvania. 

Mr. Lesley communicated and read a part of a Report by 
Mr. J. F. Carll, Assistant Geologist on the Second Survey 
of Pennsylvania in charge of the Oil District ; describing 
the success and method of his efforts to regulate and har- 
monize the Railroad and Oil Well Levels above tide in 
North-western Pennsylvania. 

Pending nominations 836, 837, 838, were read. 

Dr. Rogers announced that the Committee on the Wooten 
Slack-Burner would be ready to report at the next meeting 
of the Society. 

Mr. Fraley reported that he had paid into the Treasury 
$143.07, being interest due on the Michaux Legacy, April 
1, 1877. 

Mr. Price, Chairman of the Committee on the Michaux 
Legacy reported the action of the Committee at its meeting 
April, 25, 1877, as follows: 


Report. 


‘‘Ata meeting of the Committee on the Michaux Legacy, held Apri} 25, 
1877, present, F. Fraley, Aubrey H. Smith, Wm. M. Tilghman, Jos. B. 
Townsend, and Eli K. Price. 

‘‘On motion it was resolved to recommend an appropriation of two hun- 
dred dollars for the expenses of a course of Lectures contributing to the ex- 
tension and progress of Silvyculture, to be delivered by Dr. T. F. Rothrock, 
of the University of Pennsylvania. 

‘* Resolved, That the Chairman of this Committee be requested to confer 
with Dr. Rothrock, with the view to the preparation of a syllabus of such 
a course, and the time and plan for the delivery thereof, in case the above 
resolutions should meet the approbation of the Society. 

‘*Dr. Rothrock afterwards met the Chairman and Mr. Fraley, and con- 
sents to lecture once a week in the Park, and to fill out the syllabus here- 
with reported.’’ 


[ Signed. ] Ex: K. Prick, CHArRMAN. 
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The following resolution offered by Mr. Price witha blank 
for the sum to be appropriated, was debated at length, the 
blank filled, and passed unanimously : 


Resolved, That an appropriation of four hundred and fifty dollars ($450) 
be made out of the income of the Michaux Legacy, to defray the expenses 
of a course of lectures in Horticultural Hall, Fairmount Park, on Silvy- 
culture, to be delivered by Dr. Rothrock. 


And the meeting was then adjourned. 


Syllabus of Lectures on Silwyculture. 


To Mr. Ext K. Price, 

Chairman of the Committee on the Michaux Fund of the American 
Philosophical Society, and of the Committee on Trees and Nurseries of the 
Fairmount Park Commissioners, 

Dear Srr :—I have the honor to submit the following as an outline of 
the proposed Lectures in the Park : 

1. Sketch of André Francois Michaux. Outline of the journeys made 
by him and by his father in North America. The primary object being 
the introduction into France of American plants and especially American 
trees. This was an early recognition there of the actual necessity of 
Arboriculture in its relation to the future. Provision made by William 
Penn, July 11, 1681, that ‘‘in clearing the ground care be taken to leave 
one acre of trees for every five acres cleared, especially to preserve Oak 
and Mulberry Trees for silk and shipping.’’ Tree destroying tendency of 
the American people has been matured into an instinct. 

2. Recognized need in Europe of replacing forests destroyed and of pro- 
tecting those that remain has developed a matured system of Forestry. 
Give an outline of this system. 

8. Immediate necessity for some such system in the United States, 
growing out of ruthless destruction of our extreme forests. Immediate 
action required to prevent serious injury to the future interests of com- 
merce and of the arts in our country by a continuance of this unrestrained 
destruction, without any corresponding measures being taken to replace 
the first growth. 

4. Influence of extensive forests (and vegetation generally) on face of 
country : ist, from an esthetic point as illustrated by Humboldt’s Views 
of Nature; 2d, by either increasing or conserving rain fall; 3d, by pre- 
venting rapid evaporation on one hand and destructive freshets on the 
other ; 4th, by moderating climate, ¢. ¢., warding off destructive winds, 
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and by supplying aqueous vapor to prevent a too free radiation of the’ 
earth’s heat back into space at night. 

5 and 6. Distribution of Forests in North America ; their present and 
prospective relation to the wants of man. 

7 and 8. Treeless regions of North America. How they limit areas of 
cultivation by increasing areas of evaporation. How can the area of these 
treeless regions be decreased, and at the same time made routes for con- 
ducting water to areas of cultivation ? 

9. Necessity for such measures : Result—a true and legitimate economy 
in government to aid in them. 

10 and 11. Economic Arboriculture, as related to homes, home health 
and the useful arts. 

12. Exotic trees to be introduced, and the propriety of government sup- 
porting extensive experimental and propagating arboretums. 

13 and 14. Plants of cultivation and the changes produced by cultivation 
in them. 

15. How plants are constructed, 7. ¢., popular sketch of their anatomy. 

16. How plants are perpetuated and how they ‘‘ behave.’’ 

17. Means taken to distribute them over the globe, and some striking 
examples furnished. 

18. Succession of vegetable life on the globe. 

19. Chemistry of vegetation. 

20. Evidences of design in the vegetable kingdom. 

In the above I have endeavored to keep within the limitation implied in 
the will of André Francois Michaux, ¢. ¢., that his legacy was intended to 
contribute to the extension and progress of Agriculture and more especially 
in Silvyculture in the United States. 

Very respectfully, J. T. ROTHROCK, 


May 2, 1877. 
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Nore. By subsequent surveys in 1877, Mr. Carll has shown that the 
elevation of Union Depot grade at Oil City may be regarded as established 
at 1008 feet above mean ocean level in Raritan Bay, New York Harbor. 
Consequently six feet (6’) must now be added to all the numbers in the . 
final columns on pp. 346 to 369 ; page 433, and pp. 435 to 494 of this Vol- 
ume. Changes will be made in the numbers representing ‘‘ Ocean Level’’ 
(second column) on pp. 65 to 179 (of this Volume) in the forthcoming Re- 
port of Mr. Allen to the Board of Commissioners of the Second Geological 
Survey of Pennsylvania. Many of these changes will be indicated in 
Mr. Carll’s Communication read before the Society May 4, 1877, to appear 
in the next number (No. 100) of the Proceedings. A blank column was 
left for such new determinations to be added in manuscript. 








